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PREFACE  TO  THE  FRENCH  EDITION. 


When,  after  several  years  of  observation  and  public 
instruction,  I  decided  to  publish  my  Theorie  EUmentaire 
de  la  Botanique,*  I  wished  to  set  forth  generally  the 
logical  principles  which,  it  appeared  to  me,  ought  to 
serve  as  the  basis  of  the  study  of  organized  beings ;  and 
to  make  known,  at  the  same  time,  my  opinions  with 
regard  to  Botany.     I  was  well  aware  how  much  was 
necessary  for  the  complete  understanding  of  the  doc- 
trines I  wished  to  establish,  for  the  application  of  them 
in  a  more  detailed  manner  to  the  different  parts  [of  the 
science,  and  especially  to  the  description  of  ihe  organs 
and  families  of  plants.     It  is  in  order  to  attain  a  part  of 
this  object  that  I  now  present  to  naturalists  a  new  work, 
which  may  be  considered  as  the  second  part  of  this  un- 
dertaking, viz.  "  Vegetable  Organography ;  or  the  Ana- 
lytical Description  of  the  Organs  of  Plants ;"  which  I 
have  presented   in  a   much   abridged    manner  in    the 
elementary  principles    which   form  part   of  the  Flore 
Frangaise,  and  which  I  have  since  elucidated  in  more 
than  twenty  public  courses  of  lectures. 

*  This  work  was  first  printed  at  Montpellier,  in  1813,  and  I  gave  a 
second  edition  at  Paris  in  1819  ;  and  it  has  been  translated  into  German, 
and  accompanied  with  Notes  by  M.  Koemer,  imder  the  title  of  Theoretische 
^nfrangsgrunde  der  Boianik;  Zurich,  2  vols.  12mo,  1814.  Afterwards  M. 
Sprengel  published  under  the  title  of  ji.  P.  De  CandoUe's  und  K.  Sprengel's 
Grundzuge  dcr  Wissenschafftlichen  Pflanxenkunde  zu  Vorlesungen  ;  1  vol. 
8vo.  Leipzig,  1820  ; — a  work,  which,  it  is  true,  is  an  extractor  translation 
of  some  parts  of  my  Theorie,  but  which  is  so  changed  by  the  intermixture 
of  other  ideas,  that  I  am  obliged  (seeing  that  the  title  bears  my  name)  to 
declare  that  this  work,  and  its  English  translation,  are  perfect  strangers  to 
me,  and  do  not  represent  my  opinions. 
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Two  dangers  have  always  appeared  to  me  equally 
formidable  in  the  study  of  the  structure  of  organized 
beings  :  the  one  is  to  comprehend  it  a  priori  in  a 
manner  too  abstract  and  too  general,  and  to  make  it 
subordinate,  either  to  analogies  too  distinct,  or  to  meta- 
physical ideas  too  uncertain  :  it  is  with  this  that  several 
of  those  may  be  upbraided  who  disdain  the  study  of 
facts  in  order  to  beheve  the  philosophy  of  nature.  The 
other  danger  is  that  of  only  looking  upon  the  structure 
of  beings  as  isolated  facts,  and  not  endeavouring  to  con- 
nect them  by  any  theory  :  it  is  with  this  that  the  simply 
descriptive  school  may  be  reproached. 

The  true  way,  it  seems  to  me,  lies  between  these  two 
extremes ;  there  must  be  here,  as  in  all  other  sciences, 
particular  facts,  regulated  by  laws  at  first  partial,  which 
gradually  become  more  general,  and  will  one  day  per- 
haps be  universal.  We  may  thus  ascend,  by  the  succes- 
sive arrangement  of  facts,  even  to  theories,  some  of 
which  may  have  been  conceived  by  philosophers,  but  had 
not  as  yet  been  supported  by  sufficient  proofs ;  exactly 
as  from  the  knowledge  of  the  laws  of  organization,  we 
may  descend  to  the  examination  of  facts  which  had 
been  seen  by  observers,  but  the  connexions  of  which 
were  not  understood.  I  even  doubt  that  any  one  can 
form  any  correct  theories,  if  he  have  not  been  brought 
up  habitually  to  the  study  of  facts  ;  or  that  he  can 
make  completely  useful  descriptions,  if  he  have  neglected 
entirely  the  theories  which  those  descriptions  ought  to 
elucidate. 

When  we  compare,  in  this  point  of  view,  the  two 
great  schools  I  have  just  mentioned,  we  see  with  sur- 
prise that  the  first  is  devoted  to  the  study  of  the  con- 
nexions of  the  structure  of  organs,  and  that  it  almost 
entirely  neglects  the  relations  of  comparison  derived 
from  the  collection  of  beings ;  while  the  second,  entirely 
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occupied  with  the  study  of  those  connexions,  has  often 
neglected  the  relations  of  organs,  which  ought  to  have 
been  the  basis  of  its  labours.  Several  German  naturalists, 
at  the  head  of  whom  must  be  mentioned,  in  former  times, 
the  botanist  Jungius,  and,  among  the  moderns,  the 
illustrious  poet  Goethe,  have  called  attention  to  the 
symmetry  of  the  composition  of  plants. 

Several  French  ones,  following  the  example  of  Jus- 
sieu  and  Adanson,  have  searched  into  the  simple  intuitive 
knowledge  of  beings  to  establish  natural  groups  or 
families  of  plants. 

It  seems  that  the  former  have  given  all  their  attention 
to  compare  together  the  parts  of  the  same  being  ;  and 
the  latter,  to  compare  the  analogous  ones  of  different 
beings. 

As  for  me,  I  am  persuaded  that  these  two  branches 
of  the  science  are  inseparable ;  and  my  Theorie  Elimen- 
taire  had  for  its  object  to  connect  them,  by  making  each 
of  them  serve  for  the  perfecting  of  the  other.  Suice 
then  I  have  expressed  the  hope  of  showing  their  con- 
nexion in  a  more  intimate  manner,  by  publishing  the 
elements  of  each  of  them.  The  Organography  is  the 
development  of  that  which  relates  to  the  symmetry  of 
partial  organs ;  and  the  Frodromus  is  intended  to  indi- 
cate the  summary  of  the  actual  state  of  our  knowledge  of 
the  affinities  of  the  whole  which  constitute  the  natural 
families. 

The  state  of  families  being  subordinate  to  the  con- 
tinual discovery  of  new  plants,  and  to  the  more  attentive 
observation  of  those  which  are  the  least  known,  is  neces- 
sarily provisional  in  several  points.  The  general  ideas 
of  organography  are  also  subordinate  to  the  same 
courses,  and  will,  without  doubt,  be  gradually  ame- 
liorated. But  we  may  know,  in  these  two  studies,  if 
we  follow  a  good  or  bad  course,  when  we  see  if  the 
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exceptions  have  a  tendency  to  be  classed  under  the 
established  law^s,  or  whether  they  require  to  be  admitted 
into  new  ones.  For,  in  proportion  as  my  observations 
are  multiplied,  as  they  have  been  increased  by  the 
labours  of  the  most  skilful  botanists  of  the  present 
day,  as  analogous  labours  have  been  published  upon 
the  animal  kingdom,  I  have  successively  seen  most  of 
the  facts  which  it  would  appear  inconsistent  to  class  in 
the  doctrines  which  I  have  proposed  ;  I  have  seen  dis- 
appear, by  a  better  observation,  the  anomalies  to  which, 
for  reasons  of  prudence,  I  gave  some  weight ;  I  have 
seen  most  of  those  who  began  by  opposing  my  opinions, 
finish  by  admitting  them,  although  frequently  with  dif- 
ferent terms,  and  some  of  them  without  mentioning  their 
origin  ;  and  I  have  been  led  to  believe  that  the  time 
elapsed  since  the  publication  of  the  T/ieorie  Elimeji- 
taire,  has  been  usefully  employed  in  the  discovery  of  the 
truth.  During  this  interval,  a  great  number  of  facts,  or 
opinions,  which  I  have  either  pointed  out  by  some  words 
in  the  Thtorie  Elementaire,  or  reserved  for  the  Organo- 
graphy, have  been  observed  and  published  by  others  ; 
but  far  from  having  regret,  I  have  thought  with  pleasure 
that  these  facts,  divested  of  all  theoretical  idea,  may  be 
admitted  with  more  confidence  by  those  who  would  be 
alarmed  at  new  theories, — as  if  to  reject  them  was  dif- 
ferent from  retaining  an  old  one,  most  frequently  ad- 
mitted without  examination. 

Organography  is  the  common  basis  of  all  the  parts  of 
the  science  of  organized  beings  ;  considered  with  regard 
to  what  relates  to  the  symmetry  of  beings,  it  is  the  foun- 
dation of  all  the  theory  of  classifications ;  with  regard  to 
the  use  of  organs,  it  is  the  base  of  physiology ;  with 
regard  to  the  exact  description  of  these  organs,  it  is  the 
principle  of  glossology  and  descriptive  natural  history. 
If  I  only  published  it  after  my  Theorie  EUmentaire ,  it 
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is  because  it  is  itself  subservient  to  the  general  reason- 
ing of  the  science  which  I  have  endeavoured  to  elucidate  ; 
but  it  is  probable  that  beginners  will  find  the  advantage 
of  first  reading  the  Organography,  in  order  to  pass  on 
afterwards  to  the  other  branches. 

An  elementary  work  of  this  kind  must  necessarily 
contain  a  great  number  of  facts  already  known ;  but 
perhaps  botanists  will  find  some  interest  in  seeing  them 
connected  in  a  point  of  view  which  will  be  new  to  several 
of  them — the  organic  symmetry  of  beings  ;  they  will 
remark  that  what  characterizes  this  manner  of  describing 
the  organs — and  which,  I  venture  tobebeve,  gives  it  more 
correctness  and  importance — is, 

1st,  That  of  considering  each  organ  as  being  developed 
or  proceeding  from  that  which  serves  for  its  immediate 
support;  or,  in  other  terms,  considering  the  exsertions 
and  not  the  insertions. 

2d,  That  of  establishing  as  a  rule  (with  exceptions 
for  the  convenience  of  speech),  that  every  organ  ought 
to  retain  the  general  name  whenever  its  identity  is 
proved;  and  that  special  names  of  organs  ought  only  to 
be  admitted  when  their  identity  of  origin  cannot  be 
recognised,  and  not  when  they  present  an  unusual  form 
or  appearance. 

od,  That  of  reducing  each  part  to  its  organic  ele- 
ments, which,  once  known,  are  considered  as  subservient 
to  the  general  laws  of  union,  abortion,  and  degeneration 
which  I  have  established  in  the  Theorie  JElemetitaire. 

I  have  given  to  this  work  the  name  of  Organography, 
and  not  the  too  restricted  one  of  Anatomy,  because  the 
latter,  which  supposes  a  cutting  of  the  integuments,  is 
only  a  slight  part  of  the  study  of  the  structure  of  plants, 
most  of  the  organs  of  which  are  situated  externally,  and 
in  which  it  also  seems  that  the  internal  ones  are  often 
dependent  upon  the  external.     The  anatomy,  properly 
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SO  called,  liardly  forms  half  of  the  first  Book  of  the 
Organography ;  it  is  that  part  of  the  science  in  which 
the  most  doubts  and  ambiguities  are  met  with,  the  appli- 
cation of  which  is  the  least  frequent,  and  where  the  most 
celebrated  observers  are  almost  all  at  variance  upon  the 
most  simple  points  of  the  observation  of  facts.  Endea- 
vouring to  present  this  part  of  the  science  with  as  much 
correctness  as  possible,  I  have  then,  after  the  example  of 
zootomists,  given  more  importance  to  the  study  of  com- 
plicated organs,  the  function  of  which  is  the  most  evident, 
the  observation  the  most  positive,  and  the  knowledge  the 
most  important  in  the  whole  science. 

In  order  to  render  the  assertions  of  facts,  of  which  this 
work  is  almost  entirely  composed,  understood,  I  have 
been  careful  to  quote  numerous  examples ;  and  as  one 
same  example  may  frequently  serve  to  elucidate  the  his- 
tory of  two  classes  of  organs,  I  have  not  scrupled  to 
mention  it  twice  when  I  think  it  necessary.  I  beg  my 
readers,  beforehand,  to  excuse  this  kind  of  voluntary 
repetitions,  which  have  most  frequently  been  caused  by 
the  desire  to  quote  for  each  case,  examples  the  most 
convincing,  or  the  most  easily  verified. 

The  alphabetical  index  to  the  names  of  the  plants 
mentioned  in  the  work,  which  will  be  found  at  the  end 
of  the  second  volume,  will  afford  an  easy  means  of 
referring  to  the  observations  which  may  be  there  con- 
tained ;  but  I  must  beg  those  who  thus  go  to  search 
here  and  there  for  isolated  facts,  not  to  be  surprised  if 
they  sometimes  find  them  either  devoid  of  proof,  or  dif- 
ficult to  understand  ;  and  I  cannot  tell  how  to  conclude 
these  lines  without  referring  to  the  request  which  I  have 
already  made  to  my  readers — not  to  judge  of  me  by 
isolated  facts,  but  upon  my  opinions  taken  collectively. 

A.  P.  De  C. 
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INTRODUCTION. 

To  proceed  with  regularity  in  the  description  of  the 
organs  of  plants,  two  absolutely  different  courses  are 
presented  to  us.  We  can,  in  fact,  after  the  example  of 
Grew  and  Malpighi,  examine  successively  each  of  the 
parts  which  offer  themselves  to  us  at  first  sight,  and 
look  for  the  elementary  organs  of  which  they  are  com- 
posed ;  or,  following  the  route  traced  by  Duhamel, 
Senebier,  and  most  modern  botanists,  we  can  first  study 
the  elementary  organs  which  are  common  to  all  plants 
and  all  parts  of  plants,  and  afterwards  consider  how 
their  combinations  form  the  different  parts  of  vegetables. 
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The  first  course,  which  is  analytical,  is  necessarily 
that  of  the  observer ;  it  was  that  of  the  first  phytotomists ; 
it  was,  in  fact,  the  only  one  which  could  be  followed  at 
the  commencement  of  the   science ;   and  it  is  still  that 
wliich  one  must  embrace  in  the  course  of  examination. 
But  since  long  and  laborious  analyses  have  proved  that 
the  parts  apparent  in  all  plants  are  formed  of  a  small 
number  of  organs  resembhng  each  other  in    different 
plants,  it  seems  evident  that  conciseness  and  also  clear- 
ness are  gained  by  follovnng  the  synthetical  course  ;  that 
is  to   say,  by  commencing  first  with  the  study  of  the 
elementary  parts,   in  order  to  describe  afterwards  the 
compound  organs  which  they  form.     This  course,  bolder 
and  more  concise,  obliges  us,  it  is  true,  to  commence 
with  the  most  obscure,  uncertain,  and  difficult  portion  of 
Organography  ;  it  requires  more  trouble  and  attention  on 
the  part  of  observers ;  but  it  avoids  frequent  and  fasti- 
dious repetitions,  and  furnishes  some  more  precise  data 
for  the    mass   of  the    science  :    the    little   preliminary 
knowledge  which  it  supposes,  is  limited  to  notions  so 
simple,  that  every  one  possesses  it  without  any  study, 
and  by   the  simple  acquaintance  with  the  most  usual 
terms  of  language.    • 

When  we  wish  to  describe  first  the  compound 
organs,  we  are  compelled,  in  order  to  impart  the  know- 
ledge of  their  structure,  to  use  terms,  the  meaning  of 
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which  is  little  known  without  previous  study — such  as 
cellular  tissue,  trachece,  &c.  When,  on  the  contrary, 
we  commence  with  describing  the  elementary  organs, 
we  are  constrained,  in  order  to  express  their  situation, 
to  make  mention  of  compound  parts  which  have  not  as 
yet  been  explained  ;  but  these,  such  as  the  leaves,  the 
bark,  or  the  petals,  are  most  commonly  known,  and 
consequently  there  is  less  inconvenience  in  speaking  of 
them  before  having  described  them. 

I  will  commence,  then,  by  describing  the  elementary 
parts  which  compose  the  intimate  tissue  of  all  the  organs 
of  plants  ;  after  which  I  will  describe  the  organic  parts 
or  the  compound  organs  which  serve  either  for  nutrition 
or  reproduction ;  I  %vill  reduce  the  exposition  of  the 
elementary  parts  to  that  w  hich  is  common  to  the  greater 
number  of  the  organs  of  plants ;  and  I  w^ll  reserve  for 
the  history  of  the  compound  organs,  the  anatomical 
details  which  are  pecuKar  to  each  of  them. 

Following  tliis  course  throughout,  I  would  here  advise 
beginners,  or  those  who  do  not  wish  to  dive  deeply  into 
the  study  of  plants,  to  commence  the  reading  of  this 
work  with  the  Second  Book,  and  to  reserve  the  first  for 
the  end. 
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BOOK  I. 


OF  THE  ELEMENTARY  ORGANS,  AND  OF  THOSE  PRI- 
MARY COMBINATIONS  OF  THEM  WHICH  MAY  BE 
CONSIDERED  AS  ELEMENTARY  ORGANS. 


CHAPTER  I. 

OF  VEGETABLE  STRUCTURE  IN  GENERAL. 

The  intimate  structure  of  vegetables,  viewed  under 
very  powerful  microscopes,  offers  little  diversity.  Plants 
the  most  dissimilar  in  their  external  appearance  resemble 
each  other  internally  in  a  truly  extraordinary  degree  ; 
all  their  organs  present  in  the  interior  but  one  tissue,  of 
a  very  homogenous  nature,  and  which  seems  composed 
of  parts,  the  structure  of  which  m  one  plant  scarcely 
differs  from  that  in  another,  and  the  absolute  dimensions 
of  which  are  by  no  means  m  conformity  with  the  whole 
size  of  the  vegetable.  Grew,  who  had  first  made  this 
observation,  has  given  to  these  parts  the  name  of 
SiMiLARY  Parts,  because  of  this  great  resemblance 
which    they  present    throughout    the   whole  vegetable 


0  VEGETABLE    ORGANOGRAPHY. 

world.  Senebier  has  named  them  Elementary  Parts  ; 
and  I  have  adopted  this  last  designation  on  two 
accounts;  first,  because  it  describes  better  the  part 
which  these  organs  perform  in  the  vegetable  economy ; 
and,  secondly,  because  the  term  used  by  Grew  is  not 
strictly  in  accordance  with  truth  in  the  present  state  of 
the  science ;  and  without  doubt  it  will  always  become 
less  so,  as  we  dive  more  deeply  into  the  mysteries  of 
Vegetable  Organography. 

Every  one  knows  that  organized  beings  are  composed 
of  solid  and  fluid  parts ;  or,  to  speak  in  a  more  general 
manner,  of  tissues  which  form  the  body  of  beings,  and 
of  substances  received  into  these  tissues,  or  secreted  by 
tliem.  The  first  are  those  which  constitute  the  peculiar 
nature,  the  life  of  the  being :  these  are  the  elements, 
the  modifications  of  which  determine  the  afilux  and  the 
nature  of  the  fluids ;  they  are  those  alone  which  form 
the  object  of  Anatomy,  and  with  which  we  shall  here 
occupy  ourselves.  ^  As  for  the  substances  deposited,  or 
the  fluids,  their  particular  study  belongs  to  Physiology, 
and  we  shall  only  speak  of  them  here  incidentally. 

The  study  of  the  elementary  organs  of  plants  was 
commenced  about  the  end  of  the  seventeenth  century, 
a  little  while  after  the  invention  of  the  microscope. 

Grew  in  England,  and  Malpighi  in  Italy,  nearly 
about  the  same  time  commenced  the.  examination  of 
Vegetable  Tissue,  availing  themselves  of  the  assistance 
of  this  invaluable  instrument ;  and  observed  all  its  parts 
with  more  or  less  precision :  thenceforth  this  study  was 
continued  by  Leeuwenhoeck ;  afterwards,  about  the 
middle  of  the  eighteenth  century,  Gleichen,  Needham, 
and  some  others,  began  anew  to  apply  themselves  to  it : 
Hedwig,  again,  enlarged  its  boundaries,  either  by  his 
genuine  discoveries,  or  by  his  ingenious  hypotheses. 

In  our  own  time,  Mirbel,  Link,  Treviranus,  Sprengel, 
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Rudolphi,  Kaeser,*  Dutrochet,  and  Amici,  have  pub- 
lished very  minute  examinations  of  the  Vegetable 
Tissue,  and  accompanied  them  with  dra^vings,  both 
numerous  and  accurate ;  but  the  necessity  of  conti- 
nually employing  in  these  researches  an  instrument  so 
difficult  to  manage  well  as  the  compound  microscope, 
rendered  abortive  the  dexterity  of  these  observers :  the 
minute  anatomy  of  vegetable  structure  is  still,  in  the 
more  fundamental  points,  in  a  state  of  uncertainty  dis- 
couraging to  the  friends  of  the  truth.  "  If  any  thing," 
says  Dutrochet,  (Mem.  Mus.  7,  p.  385,)  "  can  prove  the 
uncertainty  of  our  information  upon  vegetable  organiza- 
tion, it  is  the  difference  of  opinion  existing  amongst 
naturalists  upon  this  subject."  There  is,  in  fact, 
hardly  any  point  in  vegetable  anatomy,  upon  which  we 
do  not  mid  that  those  who  have  devoted  themselves  to 
it  with  the  most  care,  are  divided,  not  only  upon  the 
theory,  but  even  upon  the  facts,  which  one  would  think 
observation  should  immediately  decide.  The  contradic- 
tions of  observers  of  these  points  are  so  great,  that  it  is 
not  an  unfrequent  occurrence  for  several  persons  view- 
ing together  the  same  fragment,  with  the  same  micro- 
scope, to  see,  or  to  think  they  see,  different  appearances. 
For  a  much  stronger  reason,  are  separate  observers 
unable  to  understand  each  other  upon  the  most  simple 

*  Those  who  wish  to  study  the  elementary  organs  of  plants  more  in 
detail  than  the  limits  of  this  work  have  permitted  me  to  assign  to  them, 
will  find  an  excellent  review  of  this  branch  of  the  science  in  the  Memoire 
sur  rOrganization  des  Plants,  published  by  M.  Kieser,  (Haarlem,  1812, 
1  vol.  4to.)  This  work  contains  a  great  number  of  well-observed  facts; 
and  it  is  important  to  readers  of  French,  inasmuch  as  it  is  the  only  work 
written  in  this  language  which  gives  an  idea  of  the  labours  of  the  Germans 
in  phytotomy.  I  regret  much,  myself,  that  my  ignorance  of  the  German 
language  has  prevented  me  from  studying  these  works  in  the  original  to 
the  extent  which  I  should  wish.  I  beg  these  learned  men  may  be  indul- 
gent, if  I  have,  contrary  to  my  intention,  either  omitted  to  quote  their 
observations,  or  represented  their  opinions  inaccurately. — A.  P.  De  C. 


8  VEGETABLE    ORGANOGRAPHY. 

facts.  For  fear  of  seeing  these  discrepancies  multiplied, 
we  conclude  by  distrusting  our  own  eyes,  and  by  fearing 
to  affirm  any  thing  concerning  what  we  believe  we  have 
seen.  I  shall  endeavour  to  develope  on  this  occasion, 
with  all  the  caution  which  the  obscurity  of  this  part  of 
the  science  demands,  what  appears  to  me  most  worthy 
of  attention.  I  shall  report  with  care  the  opinions  of 
various  observers,  in  order  to  endeavour  to  understand 
well  those  points  upon  which  a  difference  exists,  and 
those  upon  which  they  are  agreed.  But  before  entering 
into  this  exposition  of  the  doubts  and  the  uncertainties 
of  microscopic  anatomy,  I  would  first  inform  beginners, 
that  these  doubts  have  much  less  influence  than  miofht 
be  believed  upon  the  whole  of  the  science.  I  will  also 
say,  in  concluding  these  preliminary  observations,  that 
the  precautions  which  have  always  proved  the  most 
sure  for  avoiding  microscopic  illusions,  are — 

First,  Never  to  observe  an  object  of  considerable  size, 
without  having  commenced  the  observation  with  glasses 
of  weaker  power, — so  as  to  follow  it  in  a  gradual  manner 
from  the  lowest  to  the  highest  degree  of  enlargement. 

Secondly,  To  view  the  same  object  with  microscopes 
of  different  constructions,  so  that  one  may  destroy  any 
illusion  which  another  may  have  produced;  by  these 
precautions  the  number  of  facts  wliicli  are  affirmed  is 
perhaps  slightly  diminished,  but  more  certainty  is  given 
to  them. 

When  a  transverse  section  of  a  plant,  or  a  part  of  one, 
reduced  to  a  thin  and  transparent  slice,  is  examined  first 
with  a  lens,  and  afterwards  with  a  microscope,  we  per- 
ceive unequal  cavities,  sometimes  round  or  angular,  and 
most  frequently  hexagonal.  If  a  longitudinal  section 
be  made,  we  always  find  the  cavities  closed  by  dia- 
phragms; frequently  there  are  other  tubular  cavities 
without    transverse    divisions,    and    sometimes    widely 
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scattered  filaments  more  or  less  opaque.  The  entirely 
closed  cavities  have  been  called  Cellules  or  Utricles  ; 
the  tubes,  Vessels  ;   and  the  filaments,  Fibres. 

If  we  now  survey  the  various  opinions  which  have 
been  formed  upon  the  structure  or  general  organization 
of  vegetables,  we  see  that  all  the  systems  of  phytotomists 
may  be  reduced  to  three  principal  ones.  Some,  after 
the  example  of  Theophrastus,  and  perhaps  of  Grew, 
have  thought  that  all  the  vegetable  tissue  is  formed  of 
very  minute  fibres  differently  interwoven.  Others — 
and  Mu'bel  appears  to  be  the  first  who  ventured  the 
opinion  in  a  general  manner — believe  that  it  is  a  per- 
fectly continuous  membrane,  the  various  doublings  of 
which  produce  the  closed  or  tubular  spaces  which  we 
observe.  Lastly,  most  modern  observers,  following  that 
which  appears  to  have  been  the  opinion  of  Malpighi, 
admit  that  vegetables  are  essentially  composed  of  Cel- 
lules or  Utricles  differently  joined  together,  and  of 
Vessels,  which,  by  different  modes  of  development  and 
cohesion,  form  all  the  organs. 

The  comparison  of  these  three  theories  will  naturally 
lead  to  the  exposition  of  the  facts  upon  which  we  are 
about  to  enter  ;  passing  in  review — 

1st,  The  Cellular  Tissue. 

2d,  The  Vessels, 

3d,  That  which  is  called  the  Fibre  of  plants. 

4th,  The  Epidermis,  or  Cuticle,  which  covers  all 
this  apparatus. 
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CHAPTER  II. 

OF    CELLULAR    TISSUE. 


Section  I.— Of  Cellular  Tissue  in  general. 

The  Cellular  Tissue  (contextus  cellulosus),  con- 
sidered collectively,  is  a  membranous  tissue,  composed 
of  a  great  number  of  cellules  or  cavities,  closed  on  all 
sides.  The  froth  of  beer,  or  a  piece  of  honeycomb,  gives 
a  rude  but  pretty  accurate  idea  of  it;  each  wall  of  water 
or  wax  represents  the  membrane,  and  the  place  of  the 
air  or  the  honey  gives  the  idea  of  the  cavity  or  cellules. 
This  tissue  has  also  received  the  name  of  the  Utricular 
Tissue  (complexus  utricularis ) ,  which  makes  a  more 
particular  allusion  to  the  theory,  in  which  we  admit  that 
each  cellule  is  a  perfectly  distinct  vesicle.  Link  has 
named  it  Tela  Cellulosa,  and  others  Complexus  Cellulosus. 
When  considered  collectively,  and  in  contradistinction 
to  parts  which  are  furnished  with  many  vessels,  the 
name  of  Parenchyma  has  been  given  to  it. 

The  cavities  of  cellular  tissue  bear  the  name  of  Cel- 
lules (cellules).  Malpighi,  who  considered  them  as 
so  many  distinct  vesicles,  calls  them  Utricles  (utriculi). 
Grew  has  indifferently  described  them  under  the  names 
of  Cellules,  Pores,  and  Vesicles. 
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The  cellular  tissue  is  found  in  all  plants :  there  are 
even  some  which  are  entirely  formed  of  it ;  such  as  the 
Algae,  Fungi,  Hypoxylonsj  Lichens,  and  most  probably 
Hepaticae  and  Mosses,  or  in  other  words,  all  the  true 
Acotyledones.  As  for  other  plants,  although  not  en- 
tirely composed  of  cellular  tissue,  it  is  found  in  them 
very  abundantly ;  it  everywhere  encircles  the  vessels ; 
so  that  in  the  vegetable,  as  well  as  in  the  animal  king- 
dom, the  vessels  are  never  found  destitute  of  covering : 
fruits,  fleshy  leaves,  pith,  the  bark  of  roots,  &c. 
present  a  great  mass  of  cellular  tissue.  Regard  being 
had  to  proportion,  it  is  more  abundant  in  herbaceous 
plants  than  in  trees ;  in  young  plants  than  in  those 
which  are  aged ;  in  fleshy  parts  than  in  these  which  are 
dry  and  fibrous  ;  and  it  seems  entirely  to  compose  plants 
at  the  period  of  their  first  development.  The  walls 
which  form  the  cells  are  of  transparent  membrane : 
these  easily  swell  up  by  maceration  in  water,  and  rapidly 
shrivel  and  become  obliterated  by  exposure  to  the  air ; 
so  that  their  examination  requires  some  care.  These 
membranes  are  generally  without  colour  when  they 
are  properly  deprived  of  the  sap  stored  up  in  the 
cellules. 

The  diameter  of  the  cellules  varies  much  ;  in  general, 
the  larger  it  is,  the  more  the  part  to  which  it  belongs 
has  a  loose  texture,  or  the  more  rapidly  it  grows. 
Kieser  calculates,,  that  the  largest  cellules — those  of  the 
Gourd,  for  instance,  or  of  the  Balsam,  under  a  magnify- 
ing power  of  130  times  their  diameter,  are  from  five  to 
six  millimetres  ;*  and  that  the  diameter  of  the  smallest, 
as,  for  example,  those  of  the  leaves  of  the  Wallflower, 

*  A  millimetre  is  about  equal  to  hh  of  an  inch.  It  is  the  thousandth 
part  of  a  metre,  a  French  measure,  which  is  equal  to  about  thirty-nine 
inches  English. — B.  K. 
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is  not,  under  the  same  magnifying  power,  more  than 
one  millimetre ;  so  that  there  are  5,100  cellules  under 
a  millimetre  square  of  the  natural  size. 


Section  II. 
Of  the  different  Forms  of  the  Cellules. 

The  Cellules  of  cellular  tissue,  considered  only  as  to 
their  general  form,  present  themselves  under  four  prin- 
cipal forms:  viz.  1st,  round;  2d,  spindle-shaped,  or 
tapering  towards  the  two  extremities ;  3d,  tubular,  or 
prism-shaped,  that  is  to  say,  not  narrowed  at  the  ex  - 
tremities ;  4th,  elongated  transversely. 

The  ROUND  (PL  1,  fig.  1)  seems  to  be  the  original 
form  of  the  cellules ;  and  it  may  be  said  in  this  sense, 
that  all  the  other  appearances  which  they  present,  result 
from  the  unequal  pressure  which  they  exercise  on  one 
another  during  their  growth;  that  they  thus  become 
hexahedral,  or  nearly  so  (PI.  1,  fig.  2,4,  5,  and  6),  when 
they  are  equally  pressed  on  all  sides ;  that  they  take  an 
elongated  form,  either  in  a  horizontal  direction  or  in  a 
transverse  one,  when  the  pressure  is  exercised  on  one  or 
the  other  side :  but  in  all  these  cases  it  is  necessary  to 
be  careful  to  remember,  that  the  forms  of  the  cellules 
will  not  be  as  regular  as  the  figures  which  have  been 
published  would  lead  us  to  think.  It  is  evident  that,  in 
representing  them  with  the  exaggerated  regularity  which 
the  majority  of  plates  exhibit,  one  would  wish  either 
to  point  out  that  state  which  one  would  suppose  normal, 
rather  than  to  represent  exactly  the  appearance  of  these 
organs  from  simple  observation  ;   or  to  disentangle  the 
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examples  of  numberless  anomalies,  which  the  impulse 
of  vegetation  occasions  in  the  form  of  cellules.  PoUini 
has  particularly  insisted  on  the  variety  of  the  form  of 
the  cellules  in  one  and  the  same  organ. 

The  cellules  which  are  termed  round  or  hexahedral, 
compose  the  cellular  tissue  called  regular,  that  is  to 
say,  which  is  not  perceptibly  lengthened  in  one  direction 
more  than  another.  These  cellules  compose  the  pith  of 
trees,  the  cellular  envelope  of  the  bark,  the  flesh  of 
pulpy  fruits,  the  parenchyma  of  leaves,  and,  in  general, 
all  the  parts  of  plants  which  are  susceptible  of  little  or 
no  elongation. 

The  Tissues  which  Link  describes  under  the  names 
of  Globular,  Vesicular,  or  Irregular,  appear  to  me  to 
be  modifications  of  that  which  we  here  name  Round 
Cellular  Tissue. 

This  round  cellular  tissue  is  destined,  according  to 
Link,  to  preserve  and  to  elaborate  the  sap.  Dutro- 
chet  assures  us,  on  the  contrary,  that  sap  is  not 
usually  found  here.  The  difference  between  these  two 
assertions,  resides  probably  in  the  meaning  which  is 
attached  to  the  terms  :  if  it  is  understood  by  the  sap,  the 
juice  not  yet  elaborated,  and  which  is  proceeding  to  the 
fohaceous  organs,  there  to  receive  the  action  of  the  air 
and  light,  it  is  consistent  with  truth  to  say  that  the  round 
cellules  do  not  contain  any  of  it :  if  the  word  sap  is  used 
to  express  a  juice  which  has  already  undergone  some 
elaboration,  or  which  is  placed  in  a  situation  to  receive 
it,  in  that  case  we  can  say  that  the  cellules  contain  this 
juice;  and  what  happens  in  the  parenchyma  of  fruit 
during  their  maturation,  seems  to  me  to  prove  it. 

Cellules  elongated  in  a  longitudinal  direction,  (PI.  1, 
fig.  7)  are  sufficiently  different  from  the  precedmg,  and 
even  sometimes  come  nearer  in  their  form  to  true  vessels. 
Mirbel  described  them  first  under  the  name  of  Little 
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Tubes  {petits  tubes),  and  has  considered  them  as  modifi- 
cations of  vessels ;  but  it  is  evident  to  any  one  who  may 
have  observed  them,  that  they  are  not  vessels,  because 
they  are  closed  at  the  two  extremities ; — this  is  the  rea- 
son why,  in  the  elementary  principles  placed  at  the  head 
of  the  third  edition  of  the  Flore  Francaise,  I  have  de- 
scribed them  under  the  name  of  Tubular  Cellules 
(cellules  tuhulees),  which  indicates  their  form  well 
enough ;  and  I  have  given  the  name  of  Elongated 
Cellular  Tissue  to  that  which  is  formed  of  them. 
Rudolphi  actually  viewed  them  in  the  same  light, 
and  described  them  under  the  name  of  Elongated 
Cellules  (cellules  alongeesj.  Mirbel  has  finished 
by  adopting  the  same  opinion,  and  has  described  this 
organ,  when  in  a  mass,  at  first  under  the  name  of 
Woody  Cellular  Tissue  (tissu  cellulaire  ligneux), 
because  he  found  it  in  abundance  in  wood  ;  and  after- 
wards under  this  of  Elongated  Cellular  Tissue 
(tissu  cellulaire  alongee).  Treviranus  has  likewise  coin- 
cided in  this  opinion,  and  has  given  to  these  cellules 
the  name  of  Fibrous  Utricules  (utricules  Jihreuses). 
Cassini  has  called  them  Little  Tubes  (tuhilles). 

After  the  observations  of  Kieser  and  Dutrochet,  it 
appears  to  me,  that  two  very  different  states  of  cellules 
elongated  in  a  longitudinal  direction  must  be  distin- 
guished, viz : — 

1st.  The  Cellules  ivhich  enter  into  the  composition  of 
loood  and  of  the  cortical  layers.  They  have  the  appear- 
ance of  spindles,  tapering  to  the  two  extremities 
(PL  1,  fig.  7) ;  and  Dutrochet  has  given  them,  from  this 
circumstance,  the  name  of  Clostres,  which  signifies  a 
spindle. 

These  Clostres  are  commonly  parallel  to  one  another, 
touching  by  their  swollen  parts ;  and  the  intervals  wliich 
tlicy  leave  at  their  extremities  are  filled  up  by  the  points 
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of  the  neighbouring  Clostres.  They  are  filled  with  a 
particular  matter,  more  watery  in  young  wood  than  in 
old ;  and  the  nature  of  which  determines  the  hardness, 
the  weight,  the  varying  colour  of  different  woods  com- 
pared together,  and  of  the  same  wood  at  different  periods 
and  from  different  parts  of  the  same  plant.  The  tissue, 
described  by  Link,  under  the  name  of  the  Tissue 
of  the  Alburnum  (tissu  d'auhier),  comes  under  this 
class. 

2d.  There  are  other  cellules  to  w^hich  the  name  of 
Little  Tubes  (tuhilles),  (PI.  1,  fig.  8;  PL  2,  fig.  1,  3) 
proposed  by  Cassini,  will  be  tolerably  well  adapted : 
these  are  cylindrical,  or  iwismatic,  and  are  not  swelled 
out  in  the  middle  of  their  length.  They  are  always 
found  around  the  vessels  of  vascular  plants ;  and  they 
alone  compose  the  nerves,  peduncles,  and  stems  of  plants 
destitute  of  vessels,  as  the  Mosses  and  Algas.  It  must 
be  remarked,  that  in  several  of  these  cellular  plants,  as 
the  Mosses  and  Hepaticas,  there  is  suddenly  a  remark- 
able change  of  figure  among  the  elongated  cellules  which 
form  their  nerves,  and  the  round  cellules  which  compose 
their  parenchyma ;  whilst  in  vascular  plants  there  often 
is  an  insensible  transition  of  form,  of  elongated  cellules 
which  surround  the  vessels,  to  the  round  cellules  Avhich 
form  the  parenchyma.  Rudolphi  concludes  from  this, 
that  the  elongated  cellules  of  Mosses  might  well  be 
considered  as  a  particular  class  of  vessels;  but  this 
opinion  does  not  appear  to  us  to  be  sufiiciently  proved 
by  this  sole  consideration. 

Lastly.  There  is  a  final  order  of  cellules,  which,  in- 
stead of  being  lengthened  in  a  longitudinal  direction, 
are  elongated  transversely  (PI.  1,  fig.  9,  10) :  these  are 
the  cellules  which  compose  the  medullary  rays,  and 
which  are  necessarily  peculiar  to  the  class  of  Dico- 
tyledons.     Kieser,   who   first   proposed    to  distinguish 
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tliem  as  a  particular  class  of  cellules,  observes  that  they 
are  remarkably  smaller  than  all  the  others. 

All  these  cellules,  elongated  either  in  length  or 
breadth,  seem  less  adapted  than  the  round  for  the 
elaboration  of  the  sap,  but  appear  to  assist  perhaps  in 
its  progress ;  this  is,  at  least,  what  may  be  concluded 
from  their  habitual  presence  in  the  organs  where  the 
fluids  are  in  motion,  and,  at  least  as  regards  the  Little 
Tubes  (tuhilles),  from  the  fact  that  they  compose  the 
largest  part  of  the  organs  where  the  motion  of  the  juices 
appears  to  be  performed. 


Section  III. 

Of  the  Suhstances  contained  within  the  Cellules,  and  of 
the  Appearance  of  their  Walls. 

The  Cellules,  examined  in  different  plants,  or  at  dif- 
ferent periods  of  their  growth,  are  sometimes  full  of 
a  watery  juice,  and  sometimes  of  air:  in  neither  of 
these  cases  is  their  transparency  affected ;  and  the 
liistory  of  these  substances  contained  in  the  cellules, 
most  important  in  Physiology,  has  not  been  confounded 
by  anatomical  errors.  But  it  is  necessary  to  remark, 
that  besides  these  fluids,  we  meet  with  in  these  cellules 
different  opaque  or  coloured  bodies,  which  deserve  some 
attention. 

1st.  There  are  freqviently  found  little  moveable  granides, 
opaque  and  colourless,  which  are  of  an  amylaceous  na- 
ture, and  bear  the  name  of  Fecula;  these  granules 
are  formed  in  considerable  quantity  in  certain  parts  of 
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the  tissue — as,  for  example,  in  the  fleshy  Cotyledons,  and 
farinaceous  albumen  of  seeds,  the  parenchyma  of  tuber- 
cles, &c. 

2d.  There  are  also  found  in  the  cellules  of  the  folia- 
ceous  parenchyma  other  little  globules,  more  frequently 
applied  to  the  walls,  which  are  generally  coloured  green 
by  the  action  of  the  light :  they  are  capable  of  assuming 
different  colours  ;  but  remain  colourless,  and  scarcely, 
if  at  all,  visible  in  the  parts  not  exposed  to  the  light. 
These  globules  are  of  a  resinous  nature,  and  constitute 
the  green  matter  of  leaves,  or  that  which  some  chemists 
call  Chlorophylle.  The  coloured  globules  of  the  cellules 
of  flowers  may  be  compared  with  this  class  of  bodies, 
for  several  reasons.  It  results  from  several  very  cu- 
rious experiments,  performed  by  Macaire,  that  this 
same  matter  is  coloured  red  or  yellow  in  the  autumn, 
and  that  this  is  the  same  matter  wliich,  difierently  co- 
loured, is  again  found  in  the  calyx,  and  even  in  the 
corolla  and  the  other  parts  of  fructification ;  conse- 
quently the  name  of  Chlorophylle  is  very  improper: 
we  may,  by  analogy  with  the  word  fecula,  term  it 
Chromule. 

3d.  Finally,  the  cellules  of  wood,  of  alburnum,  and 
of  the  layers  of  the  bark,  contain,  according  to  the 
observations  of  Dutrochet,  granules  of  woody  matter, 
wliich  are  applied  to  their  walls,  encrusting  them,  and 
rendering  them  opaque,  constituting  the  difierences  so 
remarkable  among  the  difierent  woods. 

If  we  remove  these  three  classes  of  matter,  the  tissue 
of  the  cellules,  viewed  under  very  powerful  microscopes, 
appears  perfectly  transparent,  and  represents  neither 
regular  folds,  nor  dots  adhering  to  it,  nor  visible  pores, 
Mirbel  has  vigorously  supported  the  contrary  opinion, 
and  has  even  represented  the  romid  cellules  marked  with 
pores,  encircled  by  a  raised  border,  or  with  transverse 
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slits ;  but  no  other  phy totomist  has  ever  seen  the  like. 
It  appears  that  this  error  arose  in  different  cases,  from 
one  of  the  two  following  causes : — 

1st.  One  might  take  the  amylaceous  granules  whilst 
they  adhere  a  little  to  the  walls,  or  those  of  the  colour- 
ing matter  and  of  the  woody  matter,  for  integrant  parts 
of  the  tissue. 

2d.  In  the  opinion  of  those  who  consider  the  Stran- 
gulated Vessels  (vaisseaux  en  chapelet)  as  kinds  of  cel- 
lules, we  m.ight  be  justified  in  saying  that  their  tissue 
was  dotted ;  but  still,  even  in  this  case,  it  was  very 
hazardous  to  call  them  porous.  We  will  examine  the 
nature  of  these  markings  of  the  tissue,  when  we  direct 
our  attention  to  the  different  classes  of  vessels.  We 
digress  for  a  moment,  to  prove,  after  the  almost  unani- 
mous testimonv  of  anatomists,  and  even  our  own  obser- 
vations,  that  cellules  properly  so  called,  whether  round 
or  elongated,  are  formed  of  a  transparent  tissue,  which 
is  neither  dotted,  nor  pierced  with  visible  pores,  nor  still 
less  marked  with  transverse  slits. 


Section  IV. 

Of  the  Relation  of  the  Cellules  mutually,  or  of  the 
Continuity  of  the  Tissue,  and  of  the  Intercellular 
Passages. 

The  most  important  question  which  can  present  itself 
upon  the  nature  of  the  cellular  tissue,  is  to  know  if  all 
the  parts  which  compose  it  are  distinct  bodies,  more  or 
less  united  to  each  other,  or  if  they  are  the  doublings  of 
a  single  continuous  membrane.     This  question  affects 
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almost  all  those  which  we  shall  have  to  examine  here- 
after upon  the  organic  nature  of  vegetables ;  and  it  is 
the  basis  of  all  discussion  upon  the  use  of  these  same 
organs.  We  shall  endeavour  to  explain  it  with  as  much 
clearness  as  the  difficulty  of  the  subject  will  permit.  It 
is  not  easy  to  affirm,  in  a  very  positive  manner,  what 
was  the  opinion  of  Malpighi ;  and  probably  he  had  not 
formed  any  decided  one  upon  the  subject :  nevertheless, 
the  name  of  Utricle  or  Vesicle,  wliich  he  has  given  to  the 
closed  cavities,  and  most  of  the  figures  which  he  has 
published,  affijrd  us  grounds  for  presuming  that  he  re- 
garded each  of  them  as  a  separate  little  body,  furnished 
with  its  own  partitions,  and  simply  adhering  to  or  in 
juxtaposition  with  the  neighbouring  bodies ;  whilst,  on 
the  contrary,  Grew,  in  ginng  to  these  same  cavities  the 
names  of  Pores  or  Cellules,  has  more  clearly  indicated 
that  he  considered  them  as  cavities  combined  together 
into  a  tissue  or  a  texture,  continuous  in  all  directions, 
of  such  a  kind  that  each  of  them  is  separated  firom  its 
neighbour  by  a  single  and  simple  partition.  In  accord- 
ance with  the  opinion  which  Malpighi  appears  to  have 
entertained,  Leeuwenhoeck  seems  to  admit  the  existence 
of  distinct  utricles  bound  together  by  intermediate  fibres. 
Hedwig  and  Mayer  have  considered  the  cavities  as  the 
receptacles  destined  to  receive  the  liquids,  and  have 
admitted  that  many  little  vessels  wind  spirally  upon 
their  walls. 

Treviranus  and  Kieser  have  maintained  that  vege- 
tables are  composed  of  vesicles  more  or  less  joined 
together,  separated  by  visible  interstices,  which  they 
have  described  under  the  name  of  Intercellular  or 
Intervascular  Passages  (meats  intercellulaires  ou  in- 
tervasculaires ) ,  PL  1,  fig.  1,  3.  Link  has  adopted 
the  same  opinion,  and  says,  that  he  has  frequently  seen 
the  cellules  isolated,  especially  when  he  has  subjected 
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the  tissue  to  boiling  in  water.  Du  Petit-Thouars  admits 
likewise,  that  these  cellules  or  utricles  are  bodies 
distinct  from  one  another.  Pollini  favours  the 
same  opinion,  from  peculiar  observations  of  his  own. 
Amici  avers,  that  not  only,  by  means  of  his  microscope, 
he  can  see  the  intervals  of  the  cellules,  which  often 
appear  as  angular  spaces  full  of  air,  but  that  he  can, 
having  boiled  the  tissue,  detach  the  cellules  from  one 
another,  and  observe  them  isolated ;  so  that,  according 
to  him,  one  cannot  deny  the  existence  of  these  spaces 
or  intercellular  passages,  which  are  filled  with  air. 
Dutrochet  says,  that  the  cellules,  having  been  boiled  in 
nitric  acid,  separate,  and  appear  as  so  many  distinct 
vesicles ;  but  moreover,  where  two  cellules  touch,  the 
wall  which  separates  them  presents  a  double  membrane; 
that  there  is  never  a  wall  common  either  to  the  cellules 
or  to  the  vessels  ;  and  that  the  hollow  organs  have  no 
other  mutual  relation  than  that  of  contiguity.  Finally, 
Turpin  admits  likewise,  that  vegetables  are  entirely 
composed  of  distinct  vesicles,  variously  combined,  or 
sometimes  perfectly  free ;  and  he  proposes  to  give  the 
name  oi  globulin  to  this  vegetable  element. 

The  contrary  opinion,  maintained,  it  is  said,  first  by 
Wolf,  has  been  vigorously  adopted  by  Mirbel,  who 
admits  as  the  fundamental  base  of  anatomy,  that  vege- 
tables are  entirely  composed  of  a  tissue  continuous 
throughout  all  its  parts ;  that  the  neighbouring  cellules 
have  always  a  common  wall ;  that  there  are  also  tubes 
resembling  the  neighbouring  cavities;  that  when  one 
thinks  he  has  seen  a  double  partition,  it  is  because  he 
has  seen  by  its  transparency  the  sides  of  some  other 
cellule.  This  opinion  has  been  adopted  by  Rudolphi, 
and  I  myself  formerly  supported  the  elementary  theory. 
The  partisans  of  the  two  opinions  rest  for  support  upon 
the  same  comparison.     Grew  had  said  that  the  cellular 


CELLULAR    TISSUE.  21 

tissue  resembles  the  froth  of  a  liquor  in  fermentation ; 
Mirbel  approves  of  this  comparison  thus  far,  that  in 
froth  each  bubble  of  air  is  separated  from  its  neighbour 
by  a  single  film  of  water,  and  that  the  films  are  conti- 
nuous one  with  another.  Link  approves  of  it  also, 
for  this  reason,  that  each  bubble  of  air  must  be  consi- 
dered as  surrounded  by  a  watery  membrane  which  is 
peculiar  to  itself;  and  that,  when  they  unite  to  form 
the  froth,  each  film  of  water  is  formed  of  two  films  ad- 
hering together.  Thus  the  partisans  of  the  two 
theories  are  divided  even  as  to  the  meaning  of  simple 
metaphors. 

Shall  we  venture  to  affirm  any  thing  decisive  between 
these  diametrically  opposite  opinions  ?  Is  there  any 
intermediate  theory  which  may  reconcile  them  ?  1st. 
Microscopic  observation  directed  to  this  point  has  fre- 
quently left  me  in  doubt :  the  membrane  which  separates 
the  cellules  appears  simple  with  a  microscope  of  small 
power ;  but  as  soon  as  we  employ  a  powerful  instrument 
we  very  often  can  no  more  venture  to  affirm  whether  we 
see  a  single  or  a  double  membrane ;  and  when  it  appears 
double,  whether  this  effect  is  due  to  some  projecting 
shadow.  One  thing  I  can  affirm,  and  that  is,  that  I 
have  seen  triangular  spaces  between  the  cellules,  as 
are  represented  in  the  figures  of  Tre\nranus,  Kieser, 
and  Amici ;  and  that  wdth  them  I  am  inclined  to  con- 
sider them  as  spaces  filled  with  air  :  but  one  cannot 
conclude  from  this  that  the  tissue  is  not  continuous 
for  it  might  easily  happen  that  there  might  be  among 
the  cellules  full  of  juice  some  empty  cellules,  which 
would  present  this  appearance.  Grew  himself,  always 
admitting  the  simple  nature  of  the  membrane,  has  very 
frequently  represented  intervals  between  the  cellules, 
very  much  the  same  as  the  authors  whom  I  have  pre- 
viously quoted.      2d.   In  tearing  irregularly  the  tissue 
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of  a  leaf,  I  have  frequently  seen,  especially  in  the  leaves 
of  Monocotyledons,  some  cellules  which  appear  perfectly 
imtouched,  separated  entirely  or  in  part  from  their 
neighbours ;  but  these  facts  are  so  rare,  that  one  cannot 
but  think  that  they  are  either  out  of  the  ordinary  course 
of  things,  or  that  the  tissue  of  neighbouring  cellules  has 
perhaps  been  broken. 

3d.  The  separation  of  cellules  by  boihng  in  water 
or  in  nitric  acid,  seems  likewise  to  confirm  the  idea  of 
the  double  nature  of  the  membranes,  and  tends  to  make 
us  consider  the  cellules  as  distinct  bodies.  But  it  must 
also  be  confessed  that,  in  subjects  so  difficult,  it  is  dan- 
gerous to  decide  after  observations  where  the  natural 
tissue  has  been  altered  by  such  powerful  agents.  The 
boiling  in  water  itself  has  all  the  inconveniences  of  the 
maceration  formerly  made  use  of — that  is  to  say,  it 
destroys  the  delicate  intermediate  organs,  and  tends  to 
isolate  artificially  organs  which  may  in  reality  be  con- 
tinuous in  their  natural  state. 

4th.  There  are  some  cases  where  one  sees  the  cellular 
tissue  resolve  itself  into  isolated  bodies,  which  at  first 
sight  appear  like  dust,  and  which,  viewed  through  the 
microscope,  evidently  appear  as  cellules :  of  this  kind 
are  the  mass  of  globules  which  are  found  in  Lenticels 
vipon  the  development  of  adventitious  roots,  &c.  From 
the  general  result  of  these  observations,  I  do  not  now 
retain  any  doubt  that  the  cellules  which  compose  the 
cellular  tissue  in  general  are  vesicles  distinct  from  one 
another  and  differently  joined  together. 

If  I  wished  to  search  in  nature  for  an  example  of 
this  kind  of  structure,  which,  though  rude,  should  be 
visible  to  the  naked  eye,  I  would  cite  the  membranous 
vesicles,  full  of  juice,  which  are  found  in  the  interior 
parenchyma  of  the  orange  :  each  of  these  little  sacs, 
which  I  do  not  pretend  to  compare  completely  to  the 
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cellules,  is  found  nearly  free,  and  they  collectively  form 
a  species  of  parenchyma. 

Where  the  cellules  are  lightly  or  partially  united, 
they  may  be  found  disunited  entirely  or  in  part ;  as  is 
seen,  for  example,  in  the  loose  tissue  of  the  leaves  of 
several  Monocotyledons. 

If  any  cause,  altering  the  ordinary  state  of  vegetables, 
should  chance  to  break  the  adherence  of  the  cellules^ 
some  may  then  be  found  disunited,  and  having  the 
appearances  of  little  vesicles  ;  as,  for  example,  at  the 
instant  of  the  development  of  the  adventitious  roots, 
and  perhaps  in  the  efflorescence  of  lichens. 

In  numberless  cases  where  the  cellules  are  intimately 
united,  there  are  often  found  between  them  empty 
spaces,  which  are  the  mtercellular  passages ;  to  which 
we  shall  return  presently. 

Finally,  there  are  cases  where  the  union  is  so  inti- 
mate that  it  cannot  be  perceived  :  this  is  what  happens 
particularly  in  the  cellules  of  cryptogamic  plants,  among 
which  the  intercellular  passages  are  not  visible,  and  the 
partitions  which  separate  the  cavities  appear  to  be 
simple. 

The  Intercellular  Passages  or  Canals,  then, 
are  the  spaces  which  exist  between  the  cellules,  and 
which  have  no  other  walls  than  those  of  the  cellules. 
Their  form  is  most  frequently  that  of  a  triangular 
prism :  they  are  found,  according  to  Kieser,  hexagonal 
or  even  dodecahedral,  according  to  the  number  of  the 
walls  of  the  cellules  which  concur  in  their  formation. 
These  canals  follow  the  general  direction  of  the  cellules, 
either  lengthways,  which  is  the  case  most  frequently,  or 
transversely,  as  in  the  medullary  rays.  They  are  often 
full  of  water,  sometimes  of  air,  and  appear  also  to 
receive  the  proper  juices.  Their  size  varies  much  in 
different  plants  ;  they  are  generally  larger  in  those  with 
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a  loose  and  succulent  tissue  ;  but  their  situation  and 
history  are  still  very  obscure,  and  deserve  to  occupy 
most  particularly  the  attention  of  anatomists.  We  will 
return  to  this  subject  in  speaking  of  the  Air  cavities,  and 
Receptacles  of  proper  juices. 

It  must  be  seen  from  the  foregoing,  that  the  principal 
property  of  the  cellules  or  vesicles  forming  the  cellular 
tissue,  is  the  faculty  of  uniting  together.  This  property 
plays  an  important  part  in  the  whole  history  of  vege- 
tation :  not  only  to  its  different  degrees  are  all  the 
internal  appearances  of  the  tissue  to  be  referred,  but 
also  it  is  these  combinations  of  the  cellular  tissue  that 
cause  all  the  combinations  of  the  different  organs,  which, 
at  first  being  distinct,  finally  form  a  single  texture,  in 
appearance  simple,  in  reality  compound. 

A  second  peculiarity  of  the  tissue  of  the  cellules  is, 
that  they  are  eminently  hygroscopic ;  that  is  to  say,  that 
they  absorb  water  with  which  they  may  be  in  contact, 
and  in  particular  that  which  is  conveyed  by  the  Inter- 
cellular passages.  Probably  this  water,  deposited  in  the 
cellules,  undergoes  a  particular  elaboration,  from  which 
results  the  formation  of  the  substances  which  are  ob- 
served in  them.  This  hygroscopic  property  has  appeared 
to  me  for  a  long  time,  as  it  did  to  Senebier,  to  be  one 
of  the  principal  bases  of  the  phenomena  of  vegetable 
life.  Eaeser  has  also  insisted,  on  a  later  occasion,  upon 
its  importance. 

Finally,  the  third  property  of  this  tissue  appears 
to  be  organic  contractility  ;  a  phenomenon  purely  phy- 
siological, which  I  ought  only  to  mention  incidentally 
in  this  place,  but  without  which  it  is  difficult  and  perhaps 
impossible  to  comprehend  the  course  of  the  sap. 
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Section  V. 


Of  the  Origin  of  the  Cellules. 

The  origin  of 'the  cellules,  like  all  which  relates  to 
the  origin  of  organized  beings,  is  a  problem  absolutely 
impossible  to  be  solved  in  the  present  state  of  our  know- 
ledge. Two  opinions  on  this  subject  have  been  put 
forth  by  naturalists.  Treviranus  appears  disposed  to 
think  that  the  amylaceous  granules  which  are  found 
in  the  cellules  are  the  rudiments  of  new  cellules,  which, 
being  developed,  tend  to  increase  the  mass  of  the  tissue. 
It  seems  that  Raspail  has  adopted  this  opinion,  from 
the  manner  in  which  he  considers  the  fecula  of  the 
GramincEe. 

Kieser  thinks,  on  the  contrary,  that  the  globules 
which  are  found  s^vimming  in  the  juices  of  the  inter- 
cellular canals  are  the  rudiments  of  young  cellules, 
which,  deposited  here  and  there  in  their  route,  tend  to 
increase  the  mass  of  the  tissue. 

Without  affirming  any  thing  on  a  subject  so  obscure, 
I  am,  for  the  present,  more  disposed  to  admit  this  last 
opinion ;  because  the  first  supposes,  either  that  the 
amylaceous  granules  come  out  of  the  cellules,  which 
seems  inconsistent  with  the  absence  of  any  visible  pore ; 
or  that  they  break,  in  their  development,  the  cellules 
whence  they  have  taken  their  origin,  which  point  has 
never  been  seen  to  take  place.  Finally  :  I  only  advert 
to  these  opinions  as  curious  points  of  meditation;  and 
I  am  cautious  in  taking  up  any  decided  opinion  upon 
subjects  so  difficult. 
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Section  VI. 

On  the  Physiological  Function  of  the  Cellules  and 
Intercellular  Passages. 

The  physiological  function  of  the  cellules  is  a  subject 
entirely  belonging  to  Physiology,  and  one  which  we  can 
only  here  examine  in  a  very  brief  way,  and  solely  in  an 
incidental  manner. 

The  cellules,  being  closed  on  all  sides,  can  only  receive 
the  sap  by  means  of  the  hygroscopicity  of  their  walls. 
Those  which  are  round  suck  up  the  juices  which  sur- 
round them,  and  elaborate  them  in  their  interior :  and 
it  is  thus  that,  by  a  vital  process,  they  form  the  feculent 
and  mucilaginous  substances,  and  the  resinous  matter 
which  gives  them  their  colour.  We  also  see  these  dif- 
ferent substances  abound  in  all  parts  of  plants  which  are 
essentially  composed  of  round  cellules  ;  as  the  paren- 
chyma of  the  external  covering  of  leaves  and  fruits,  the 
pith  and  the  receptacles  of  flowers,  &c. 

As  to  the  elongated  cellules  which  surround  the 
vessels,  the  part  they  perform  is  very  difficult  to  com- 
prehend :  one  never  finds  there  the  substances  which 
We  have  noticed ;  and,  for  the  most  part,  they  appear 
empty,  or  else  filled  with  air,  and  in  consequence  par- 
ticipate in  the  function  of  the  vessels. 

The  intercellular  passages  are  generally  full  of  sap, 
and  it  is  very  probable  that  they  are  the  parts  which 
serve  essentially  to  its  progress.  We  can,  in  this  point 
of  view,  divide  them  into  three  classes : — 

1st.  The  intercellular  passages,  situated  between  the 
elongated  cellules  which  surround  the  vessels,  appear  to 
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serve  for  the  ascent  of  the  unelaborated  sap,  which,  from 
the  roots,  spreads  throughout  all  the  foKaceous  parts  of 
the  plant. 

2d.  The  intercellular  passages  situated  between  the 
cellules  of  the  medullary  rays  establish  the  transverse 
communication  of  the  sap,  from  the  centre  to  the  cir- 
cumference. 

3d.  The  passages  situated  between  the  round  cellules 
of  the  parenchymatous  parts  receive  the  sap  in  larger 
quantity,  considering  that  their  movement  is  slower. 
The  cellules  are  thus  surrounded  by  sap,  which  they  can 
imbibe  for  the  purpose  of  elaborating. 

We  shall  see  hereafter,  that  intercellular  passages, 
when  dilated,  produce  the  greater  part  of  the  Air  cavities, 
and  Receptacles  of  proper  juices ;  and  present  thus  new 
support  for  the  life  of  the  vegetable. 

We  must  not  lose  sight  of  the  fact,  that  the  cellular 
tissue  is  the  only  elementary  organ  which  exists  in  the 
whole  vegetable  kingdom ;  and  consequently  it  is  to  it, 
and  its  modifications,  that  we  must  refer  all  the  more 
general  phenomena,  the  ascent  of  the  sap,  and  their 
principal  elaboration. 
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CHAPTER    III. 


OF  THE  VESSELS. 


Section  I. —  Of  the  Vessels  in  general. 

Of  all  the  parts  of  vegetable  anatomy,  the  structure 
and  history  of  the  Vessels  is  that  about  which  there  has 
been  most  dispute,  and  upon  which  there  is  still  but 
little  accordance. 

We  describe  under  this  name  (adopted  from  analogy 
with  animal  anatomy)  those  cylindrical,  or  nearly  cylin-^ 
drical  tubes,  which  are  observed  in  the  greater  number 
of  vegetables ;  and  which  differ  from  even  the  most  elon- 
gated cellules,  both  because  there  is  not  found  in  them 
any  diaphragm  which  closes  them  in  a  transverse  direc- 
tion, and  because  their  walls  are  marked  with  dots, 
stripes,  rings,  slits,  or  spires,  which  are  not  to  be  found 
on  the  walls  of  cellules. 

For  a  long  time,  vessels  have  been  distinguished  into 
Proper  Vessels,  and  Lymphatic  Vessels.  Under  the  for- 
mer name  were  described  the  tubular  cavities  which  con- 
tained the  peculiar  juices  of  certain  plants ;  such  as  the 
milky,  resinous,  &c.  Under  the  second  were  compre- 
hended all  the  tubes  full  of  air,  or  of  water,  which  is 
but  little  if  at  all  elaborated.      But  it  has  been  since 
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found,  that  the  Proper  Vessels  are  not  true  vessels,  but 
peculiar  modifications  of  the  cellular  tissue,  which  we 
shall  afterwards  describe  under  the  name  of  Receptacles 
of  proper  juices.  We  shall  only  comprehend,  then, 
under  the  collective  name  of  Vessels,  those  which  have 
been  long  described  under  the  name  of  Lymphatic 
Vessels ;  but  as  this  appellation,  founded  on  the  function 
which  is  attributed  to  them,  is  itself  only  hypothetical, 
we  shall  not  adopt  it,  since  it  becomes  useless  the 
moment  that  the  Receptacles  of  proper  juices  are  no 
longer  confounded  with  the  vessels. 

These  vessels,  termed  Lymphatics,  have  been  de- 
scribed in  English,  by  Grew,  under  the  names  of  Sap 
Vessels  or  Lymph-ducts  :  others  have  named  them 
Sap  Vessels  (vaisseaux  seveux);  and  jVIirbel  describes 
them  under  the  name  of  Great  Tubes  (grands  tubes). 
Kieser  comprehends  them  collectively  under  the  name 
of  Spiral  Vessels  (vaisseaux  spiraux),  which  is  only 
applicable  to  one  of  the  forms  under  which  they  are 
presented  to  us.  These  vessels  present  five  very  distinct 
varieties  of  form,  viz. — 

1st.  Trachea  (tracMes). 

2d.  Annular  or  Striped  Vessels  (vaisseaux  annu- 
laires  ou  ray  is). 

3d.  Dotted  Vessels  (vaisseaux  ponctues). 

4th.  Strangulated,  Moniliform,  or  Necklace- 
like Vessels  (vaisseaux  en  chapelet). 

5th.  Reticulated  Vessels  (vaisseaux  reticulaires). 

We  shall  commence  by  describing  them  separatelj' ; 
then  we  shall  occupy  ourselves  with  discussions  which 
divide  anatomists  upon  their  reciprocal  relation,  their 
history,  and  their  use. 
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Section  II. 

Of  Trachece,  or  Spiral  and  Elastic  Vessels. 

The  Spiral  Vessels  {vasa  spiralia),  or  the  Trachea 
(trachecs),  or,  as  Cassiiii  calls  them,  the  Helicules, 
(PI.  2,  Fig.  1,  a  a,  3,  4,)  are  organs  of  an  entirely 
peculiar  kind,  and  about  the  structure  of  which  there 
has  been  much  dispute.  Henshaw  discovered  them  in 
the  Hazel  in  1661,  that  is  to  say,  a  year  after  the  com- 
pletion of  the  microscope  by  Hook.  Malpighi,  who 
first  examined  them  with  care,  compared  them  to  the 
tracheae  of  insects,  which  name  he  has  retained:  lie 
regarded  them  as  the  respiratory  organs  of  plants,  and 
described  them  as  tubes  formed  of  a  band  rolled  spirally 
upon  itself,  capable  of  unrolling  with  elasticity.  The 
unrolled  tracheae  can  be  easily  seen  in  breaking  a  young 
shoot  of  the  Rose  or  Scabious.  A  trachea,  seen  by  the 
naked  eye  or  through  a  lens,  presents  the  appearance 
of  a  brilliant  silver  band  rolled  spirally,  as  a  spring  in  a 
funnel.  Duhamel  compares  it  to  a  riband  wliich  has 
been  rolled  round  a  cylinder,  and  which  by  its  spi- 
ral circumvolutions  woidd  form  a  continuous  tube  ; 
Mirbel  confirms  this  opinion  of  the  structure  of  the 
trachea,  and  only  adds  that  the  edge  of  the  band  is  a 
little  thicker  than  the  middle.  Hedwig,  on  the  contrary, 
has  described  these  same  organs  in  a  manner  entirely 
different ;  he  names  them  Vasa  pneumatochymifera,  and 
believes  them  to  be  formed  of  two  distinct  organs :  he 
thinks  that  that  which  was  considered  to  be  a  band 
previous  to  his  observations,  is  a  real  tube,  which  is 
rolled  spirally  upon  another  straight  and  central  tube : 
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he  imagines  that  these  spiral  tubes  are  destined  for 
carrying  the  sap,  and  he  calls  them  for  this  reason 
Vasa  adducentia  spiralia,  Vasa  chymifera  hydrogera; 
on  the  contrary  the  central  tubes  may  always  be  full 
of  air,  whence  he  has  given  them  the  name  of  Vasa 
pneumatophora.  Schrader  and  Link  differ  from  the 
opinion  of  Hedwig  in  this, — that  instead  of  admitting 
that  the  spiral  is  formed  by  a  tube,  they  think  that  it 
is  composed  of  a  band  hollowed  out  into  a  gutter  in  its 
internal  part.  Bernhardi,  on  the  contrary,  admits 
that  there  is  an  upright  membranous  tube,  continuous 
and  transparent,  in  the  interior  of  which  is  rolled  a 
spiral  band  which  serves  to  keep  it  open ;  and  which, 
proceeding  to  imroll  itself  with  elasticity  when  the 
exterior  tube  is  broken,  only  appears  to  our  eyes  under 
the  name  of  trachea.  He  supposes  that  this  same  band 
exists  in  the  tubes  of  all  vessels  ;  that  when  it  is  con- 
tinuous and  spiral,  it  forms  the  trachea ;  when  it  is  divided 
into  interrupted  lines,  the  striped  vessel,  (PL  2,  Fig.  2,  a ;) 
and  more  interrupted  still,  the  dotted  vessel,  (PL  2, 
Fig.  2,  h.)  Kaeser  calls  what  we  name  trachea,  a  simple 
spiral  vessel;  and  he  believes  that  membrane  exists 
neither  on  the  inside,  nor  on  the  outside,  nor  among  the 
spires.  Lastly,  Dutrochet  admits  that  the  spires  of 
the  tracheae  are  united  by  an  intermediate  transparent 
membrane,  which  is  torn  when  the  spiral  thread  is 
unrolled ;  he  believes  that  in  their  natural  state  they 
have  not  any  openings,  but  that  they  form  a  continuous 
tube. 

To  attempt  to  choose  our  opinion  in  the  midst  of  so 
many  contradictions,  it  is  necessary  to  discuss  separately 
each  of  the  assertions  of  these  authors,  and  to  divest 
them  as  much  as  possible  of  all  systematic  idea. 

1st.  Does  there  exist  in  the  interior  of  the  spire  a 
peculiar  tube,  as  Hedwig  was  the  first  to  assert  ? — Let 
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US  remember  that  this  tube  has  only  been  seen  by  a 
small  number  of  observers,  and  that  Hedwig  himself 
seems  less  to  have  seen  it,  than  to  have  conceived  it  in 
theory ;  for  notwithstanding  his  skill  as  a  draughtsman, 
he  has  not  ventured  to  give  a  dra^ving  of  it.  Link 
says  that  the  observation  of  Hedwig  has  not  been  con- 
firmed by  any  anatomist ;  and,  for  my  part,  I  do  not 
deny  this  assertion.  Mirbel  assures  us  that,  in  some 
cases,  the  old  trachese  present  in  the  interior  a  kind  of 
incrustation  more  or  less  dense,  wliich  resembles  a  true 
internal  tube ;  but  as  this  appearance  of  the  interior 
tube  is  very  rare,  one  would  be  authorized  in  not  con- 
sidering it  as  an  integral  part  of  true  tracheae. 

2d.  Is  the  part  iv/dck  forms  the  spire  flat,  as  former 
observers  asserted ;  or  is  it  a  little  hollowed  into  a  chan- 
nel and  bordered  by  a  thickened  rim,  as  the  figures  of 
Mirbel  indicate  ;  or  is  it  tubular,  as  Hedioig  and  Mustel 
affirm  ? 

The  greater  number  of  observers  are  opposed  to  this 
last  opinion,  although  several  among  them  have  ob- 
served the  tracheae  with  more  powerful  glasses  than 
those  of  Hedwig.  Still  later,  Amici,  who  makes  use 
of  the  strongest  microscopes  known,  remains  in  doubt 
concerning  the  tubularity  of  the  tracheae ;  and  believes 
that  the  question  cannot  be  solved  by  the  optical  means 
which  we  possess.  One  of  the  arguments  which  appears 
to  have  persuaded  Hedwig  to  admit  the  tubular  nature 
of  the  spiral  part,  is,  that  when  a  coloured  liquid  rises 
in  these  organs,  one  distinctly  sees  that  it  follows  the 
spire ;  but  this  appearance  is  as  easily  explained  by 
admitting  that  it  is  a  band  a  little  concave,  along  w^hich 
the  coloured  liquid  glides,  as  in  supposing  it  to  be  a 
perfect  tube.  Nevertheless,  the  hollow  form  of  the  band, 
or  the  existence  of  the  rims,  is  still  contested  by  several 
of  the   most   able    observers.      Kieser,    in    particular, 
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without  affirming  that  the  spire  is  tubular,  believes  that 
it  approaches  the  cylindrical  form  ;  and  as  for  myself,  it 
appears  to  me  fiat,  with  the  two  borders  more  or  less 
opaque  and  probably  a  little  prominent  (PI.  2,  fig.  4). 

3d.  Is  the  spire  of  the  trachea  contained  in  a  parti- 
cular tube,  as  Bernhardt  would  have  us  think  ?  —  I 
believe  that  we  cannot  deny  the  existence  of  this  tube, 
but  it  is  necessary  to  know  whether  it  is  one  which 
might  be  formed  by  the  edges  of  neighbouring  organs, 
or  whether  it  is  a  part  of  the  trachea.  Dutrochet 
admits  the  existence  of  a  tubular  membrane,  which  is 
not  on  the  outside  of  the  spires,  but  between  them. 
The  existence  of  a  membrane  which  would  unite  the 
spires  together,  appears  confirmed  by  the  existence  of 
tracheas  which  are  incapable  of  being  unrolled,  men- 
tioned by  some  authors ;  but  they  have  never  been  seen 
in  a  clear  manner,  and  probably  they  are  nothing  more 
than  annular  vessels,  of  which  we  shall  speak  hereafter. 

According  to  Mirbel,  the  trachese  are  continuous 
with  the  cellular  tissue  by  their  extremities ;  according 
to  Dutrochet,  they  terminate,  by  their  two  extremities, 
in  a  very  acute  conical  spu'e. 

The  spires  of  the  trachese,  according  to  Hales,  are 
always  rolled  from  right  to  left ;  this  disposition  appears, 
in  fact,  the  most  common,  but  Link  has  remarked  some 
which  were  rolled  from  left  to  right. 

Mirbel,  Rudolphi,  and  Kieser,  have  discovered  some 
trachese  with  a  double  and  triple  parallel  spire ;  I 
have  counted  some  even  with  seven  in  the  tracheae  of  the 
Plantain  (Musa  paradisiaca,)  PI.  2.  fig.  3  ;  and  M.  De 
la  Chesnaye  says  that  he  has  counted  up  to  twenty- 
two.  Rudolphi  says  that  the  tracheas  also  have  a 
doubled,  or  a  multiphed  spire,  in  Canna,  Amomum, 
Kcempferia,  Maranta — genera  all  allied  to  Musa ;  and 
even,   he  says,  in  Heracleum  speciosum,  which  belonos 
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to  a  very  distant  family.  Kieser  has  remarked,  that 
in  the  greater  part  of  vegetables  the  tracheae  which 
are  furnished  with  a  simple  spire  are  disposed  in  bun- 
dles :  on  the  contrary,  we  find  them  sohtary  in  the 
Banana,  which  has  the  spires  multiplied ;  whence  one 
might  infer,  that  tliis  multiplied  spire  is  formed  by  the 
union  into  one  single  tube,  of  filaments  usually  distinct. 

Malpighi  and  Reichel  say  that  they  have  observed 
contractions  in  the  tracheae,  but  no  subsequent  observers 
have  seen  them.  Mirbel  asserts  positively  that  these 
are  optical  illusions.  The  diameter  of  the  tracheas  is 
about  the  twenty-fourth  of  a  Kne,  according  to  Mirbel ; 
but  according  to  Kieser,  their  diameter  is  very  variable 
in  different  plants. 

Malpighi  says  that,  "  during  the  %\dnter,  the  trachcEe 
are  endowed  with  a  vermicular  movement,  which  de- 
lights the  observer."  It  appears  that  this  anatomist  has 
here  attributed  to  irritability,  that  which  arises  simply 
from  hygroscopicity  combined  with  elasticity.  A  motion 
in  the  tracheae,  when  laid  open,  may  be  occasioned 
either  by  approaching  and  removing  the  ends  of  a  young- 
shoot  broken  across,  or  by  exposing  them  alternately 
to  moisture  and  aridity.  Mirbel  asserts  that  the 
tracheas  of  the  Butomus  umbellatus,  once  unrolled,  never 
contract  again.  The  tracheas  are  very  visible  in  most 
of  the  yomig  shoots  of  the  year,  especially  in  those 
which  can  be  broken  clean  off  without  tearing  them,  as 
those  of  Roses :  they  are  to  be  found,  according  to  the 
observations  of  Mirbel,  only  around  the  pith  in  the 
old  stems  of  Dicotyledons;  for  it  appears  that  all  that 
former  observers  have  said  of  tracheas  observable  in  the 
wood,  must  be  attributed  to  the  striped  vessels  :  the 
tracheas  appear  to  be  organs  essential  to  the  medullary 
sheath,  and  they  are  to  be  found  there,  in  the  form  of 
those  which  are  incapable  of  being  unrolled,  even  in 
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aged  trunks  of  trees,  and  in  wood  which  has  long  been 
cut  down.  In  the  fibrous  bundles  of  the  herbaceous 
stems  of  Dicotyledons,  the  trachege  are  found,  according 
to  Kieser,  in  the  part  nearest  the  centre  of  the  stem ; 
among  Monocotyledons,  they  are  found  in  the  woody 
bundles :  according  to  Mirbel,  they  occupy  the  cen- 
tre of  them;  Amici  appropriates  this  place  to  the 
dotted  vessels.  The  stem  of  the  Plantain  appears 
to  be  almost  entirely  composed  of  tracheae,  when  it  is 
cut  across ;  they  are  so  abmidant,  that  in  the  Antilles 
they  gather  them  by  handsful,  and  a  kind  of  tinder  is 
made  of  them,  which  has  long  been  publicly  sold  there. 
M.  De  la  Chesnaye  says  that  each  Plantain  tree  yields 
five  or  six  grammes  (a  drachm  and  a  half)  of  these 
vessels,  and  that  they  may  be  used  either  in  making  a 
species  of  fine  down,  or  may  even  be  spun.  Tracheae 
are  also  found  in  the  veins  of  leaves,  in  the  corolla  and 
sexual  organs,  but  never  in  the  bark.  Mirbel  says 
that  they  are  very  rare  in  the  roots.  Dutrochet 
asserts,  and  my  own  observations  agree  with  his,  that 
the  tracheae  are  absolutely  wanting  in  the  roots;  and 
that  those  who  have  fancied  they  have  seen  them,  must 
have  taken  for  true  roots  subterraneous  stems  which 
have  tracheae  just  as  aerial  stems.  Perotti  must, 
therefore,  be  quite  wrong  when  he  says  that  the  roots 
differ  from  the  trunks  in  having  the  tracheae  more  vi- 
sible and  more  numerous.  Tracheae  are  entirely  wanting 
in  all  cellular  plants,  such  as  the  Mosses,  Hepaticae, 
Lichens,  Fungi,  Algse,  and  Chara. 

Some  natiuralists,  upon  whom  we  may  rely,  assure  us 
that  tracheae  exist  in  some  Mosses,  as  in  Splachnum  ; 
but  this  is  doubted  by  several — as,  for  instance,  by 
Rudolphi  and  others.  Without  denying  that  a  negative 
observation  has  not  so  much  weight  as  a  positive 
assertion,  I  am  of  this  last  opinion,  as  I  have  never  been 

d2 
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able  to  discover  them.  Others  consider  the  claters  of 
the  Hepaticae  as  organs  similar  to  tracheae ;  but  I  cannot 
admit  that  there  is  any  real  analogy  between  tracheae 
and  these  organs,  resembling  each  other,  it  is  true,  in 
their  spiral  turnings,  but  very  different  in  their  size, 
texture,  and  position.  I  persist,  then,  in  believing  that 
tnicheag  are  entirely  absent  from  cellular  plants. 

Amongst  those  which  we  are  obliged  to  refer  to  the 
class  of  vascular  plants,  tracheae  are  wanting,  according 
to  Link,  in  Lemna,  Zostera,  Ceratophyllum,  and 
Najas,  all  of  them  aquatic.  Amici  confirms  their 
absence  in  Najas  minor,  but  he  is  contradicted  on  this 
point  by  Pollini ;  and  the  absence  of  tracheae  in  vas- 
cular plants  is  a  fact  which  requires  to  be  confirmed, 
especially  since  tracheae  not  capable  of  being  unrolled 
have  been  mentioned,  and  since  there  have  been  found 
true  tracheae  in  Hippuris  and  Myriopltyllum,  where  it 
was  at  first  believed  that  none  existed. 

Several  anatomists,  and  in  particular  Wahlenberg, 
Rudolphi,  &c.,  assure  us  that  they  have  not  found 
tracheae  in  the  Coniferae,  neither  around  the  pith,  in  the 
leaves,  in  the  younger  branches,  nor  at  the  first  deve- 
lopment of  the  plant :  this  was  found  to  be  the  case, 
according  to  them,  in  the  anatomy  of  several  species  of 
Pines,  Deals,  Larch,  Cedars,  Thuja,  and  Cypress ;  but 
it  was  already  known  that  true  tracheje  exist  in  the 
young  branches  of  the  Juniper,  &c.  An  anomalv  so 
remarkable  in  the  same  family  was  difficult  to  be 
admitted :  since  then,  Kieser,  in  a  special  treatise 
on  the  Coniferae,  has  shown  the  existence  of  them, 
though  they  are  more  rare  and  more  difficult  to  be  seen 
than  in  other  plants. 

Oken  thinks  that  tracheae  are  analogous  to  the 
nerves  of  animals.  This  paradoxical  opinion  has  not, 
that  I  am  aware  of,  been  admitted  by  any  naturalist :  it 


THE    VESSELS.  37 

is  thought  to  be  founded  on  a  simple  hypothesis,  viz.  the 
sensibility  of  plants ;  but,  even  in  admitting  a  nervous 
system  in  plants,  it  would  be  impossible  to  believe  that 
it  was  represented  by  an  organ  which  is  found  wanting 
precisely  in  those  plants  which  bear  the  greatest  resem- 
blance to  animals. 


Section  III. 
Of  Annular  or  Striped  Vessels. 

The  vessels  wliich  I  here  designate  (PI.  2,  fig.  1  b,  b, 
2  a,  a,  5  a,  a.)  are  those  which  Mirbel  has  described 
under  the  name  of  False  Trachea  (fausses  tracMes), 
Kieser  under  that  of  Spiral  Annular  Vessels 
(vaisseaux  spiraux  annulaires),  and  which  I  have  often 
mentioned  under  that  of  Striped  Vessels  (vaisseaux 
rayes).  Seen  with  the  microscope,  they  commonly  pre- 
sent the  appearance  of  simple  cyKndrical  tubes,  marked 
with  regular  transverse  parallel  lines  ;  when  they  are 
observed  embedded  in  the  tissue,  they  resemble  true 
tracheae  which  will  not  unroll ;  and  they  have  often 
been  described  by  the  old  anatomists  under  the  name  of 
Trachea; ;  they  differ  from  them,  however — 

1st,  Because  they  do  not  unroll,  and  do  not  afford 
any  trace  of  elasticity. 

2d,  Because  their  hues  (raies)  appear  parallel,  and 
not  spiral. 

3d,  Because  in  the  same  plant  they  differ  in  diameter 
from  the  tracheae. 

Striped  Vessels  are  found,  in  general,  in  the  woody 
part  of  vascular  plants;  among  Dicotyledons  they  are 
found  in  all  the  layers,  except  in  the  immediate  envelope 
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of  the  pith ;  in  Monocotyledons  they  occur  in  each  of 
the  woody  bundles ;  ..they  are  very  abundant  in  the 
centre  of  the  stem  of  the  Lycopodiaceae. 

The  largest  annular  vessels  known  are  those  in  the 
stem  of  the  Balsam. 

Kieser  considers  these  vessels  to  be  composed  of 
parallel  rings,  wliich,  according  to  him,  are  of  an  analo- 
gous nature  to  the  tissue  of  the  trachege,  and  are  capable, 
in  certain  cases,  of  gradually  changing  into  spires  (*PL 
2,  fig.  7  b,) :  these  rings  are  sometimes,  according  to 
him,  very  slightly  adherent  to  the  membranous  tubes 
formed  by  the  walls  of  the  neighbouring  cellules. 

Mirbel  considers  them  to  be  tubes  marked  with 
parallel  slits ;  others,  as  tubes  provided  with  opaque 
parallel  lines,  which  are  of  an  analogous  nature  to  the 
dots  of  dotted  vessels. 

Perhaps  under  the  name  of  Annular  Vessels  (vais- 
seaux  rayes  ou  annulaires )  we  really  confound  two 
different  structures. 


Section  IV. 

Of  Dotted  Vessels. 

I  include,  with  Tre\iranus,  under  the  name  of 
Dotted  Vessels,  (vaisseaux  ponctues,  vasa  punctata) 
those  which  Mirbel  calls  Porous  Tubes  or  Vessels, 
(vaisseaux  ou  tubes  poreux,)  and  Kieser,  Spiral  Dotted 
Vessels,  (vaisseaux  spiraux  ponctues,)  PL  2,  fig.  2  b,  b, 
5  b.  Their  ordinary  state,  under  the  microscope,  is 
the  form  of  a  cylindrical  tube,  the  walls  of  which 
present  transverse  series  of  opaque  dots :    they  differ, 

*  From  an  excellent  plate  iii  Dr.  Lindley's  valuable  "  Introduction  to 
Botany."  8\o.     London,  1836. 
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then,  from  Striped  Vessels,  in  having  these  dots  separated 
from  one  another,  and  not  joined  in  continuous  lines ; 
and  from  Strangulated  Vessels,  (of  which  we  shall  speak 
presently,)  in  their  tube  being  cylindrical  and  not  con- 
tracted at  intervals. 

These  vessels  are  found  abundantly  among  Dicoty- 
ledons, in  the  woody  layers  both  of  the  root  and  of  the 
stem  and  branches;  among  Monocotyledons,  in  the 
woody  bundles :  when  they  make  part  of  a  bmidle  of 
vessels,  they  are  commonly  situated  in  the  side  nearest 
the  circmnference  of  the  stem.  We  are  assured  that  they 
have  also  been  found  in  the  bark  of  Dicotyledons,  but 
this  fact  is  contested  by  more  recent  anatomists.  The 
diameter  of  dotted  vessels  generally  exceeds  that  of 
tracheae  and  striped  vessels  ;  but  this  rule  is  liable  to 
frequent  exceptions. 

Kieser  considers  dotted  vessels  to  be  formed  of  a 
trachea  or  annular  vessel,  of  which  the  spires  or  rings 
are  joined  by  a  dotted  membrane. 

Mirbel,  who  first  discovered  these  organs,  does  not 
admit  the  evidence  of  spires  or  rings  in  the  formation  of 
these  vessels ;  but  regards  them  as  simple  membranous 
tubes,  marked  with  pores  which  are  surromided  by  a 
rim,  giving  them  a  dotted  appearance. 

Dutrochet  also  considers  them  as  simple  membra- 
nous tubes,  marked,  not  with  pores,  but  with  dots 
caused  by  projecting  vesicles. 

As  for  my  own  observations,  I  have  neither  seen 
the  spires  nor  the  rings  which  Kieser  admits  in  the 
structure  of  these  vessels ;  but  as  I  am  of  opinion  that  a 
negative  observation  cannot  invahdate  a  positive  one, 
when  it  is  confirmed  by  all  observers,  I  hesitate  be- 
fore I  confirm  their  absence.  At  present  I  am  disposed 
to  consider  these  vessels  as  membranous  tubes,  marked 
with  glandular  doti. 
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Section  V. 

Of  Strangulated  Vessels. 

The  Strangulated  Vessels  (PL  2,  fig.  6,)  have 
been  seen  by  Malpighi  without  his  giving  them  much 
attention.  Mirbel  was  the  first  who  really  called  the 
attention  of  anatomists  to  the  subject;  and  he  has  given 
them  the  name  under  which  they  are  here  designated. 
Treviranus  described  them  under  that  of  Corps 
Vermiformes.  They  are  tubes  marked  with  dots  in 
transverse  lines,  as  in  Dotted  Vessels,  but  contracted  at 
intervals  by  transverse  strangulations,  more  or  less  per- 
ceptible. Mirbel  considers  them  as  cellules,  placed 
end  to  end,  which  supposes  that  there  exist  diaphragms 
which  separate  them :  in  following  this  opinion,  it  will 
be  necessary  to  class  them  among  the  modifications  of 
cellular  tissue,  and  not  among  those  of  vascular  tissue ; 
but  the  existence  of  these  diaphragms  is  very  doubtful ; 
the  majority  of  anatomists  deny  it  most  positively.  It 
appears  that  from  considering  these  bodies  as  a  series  of 
cellules,  Mirbel  has  been  led  to  admit  the  existence  of  a 
dotted  cellular  tissue;  but  their  analogy  with  dotted 
vessels  is  so  strong,  that  it  is  impossible  not  to  consider 
them  either  as  modifications  of  these  organs,  or  as  very 
analogous  organs.  Kieser  regards  them  as  formed,  like 
the  preceding,  by  spires  or  rings  very  distant  from  each 
other,  and  connected  by  a  dotted  membrane. 

Strangulated  vessels  are  abundant  in  roots,  articula- 
tions, joints,  in  branches  and  leaves  at  their  first  deve- 
lopment, and,  it  is  said,  in  natural  or  accidental  warts. 
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Section  VI. 
Of  Reticulated  Vessels. 

This  form  of  vessel  (PI.  2,  fig.  7  o,)  is  extremely  rare  iii 
nature,  and  has  been  studied  the  least  of  all.  Kieser  has 
only  discovered  them  in  the  Balsam  and  the  Nasturtium 
{Tropceolum) :  he  suspects  their  existence  in  other  plants 
of  a  loose  texture.  According  to  this  observer,  these  ves- 
sels are  owing  to  the  spiral  or  annular  fibres  which  compose 
the  trachese,  or  striped  vessels,  anastomosing  unequally 
together,  and  leaving  between  them  open  spaces  or 
oblong  holes.  They  never  attain,  according  to  him,  the 
size  of  dotted  vessels,  and  are  often  ramified ;  they  are 
more  frequent  in  the  root  than  in  the  stem. 


Section  VII. 
General  Considerations  on  the  Structure  of  Vessels. 

I  have  described,  in  the  preceding  sections,  the 
usual  forms  which  the  vessels  of  plants  present 
under  the  microscope ;  and  I  have  intentionally  avoided 
confusing  these  descriptions  with  any  hypothetical  or 
even  theoretical  ideas.  It  remains  for  us  now  to  examine 
what  are  the  modifications  of  which  these  forms  are 
susceptible  ;  and  thence  to  deduce,  if  possible,  the 
relation  of  these  different  vessels  with  one  another,  and 
their  true  nature. 

Hedwig  was  the  first  to  treat  of  these  delicate  ques- 
tions   in    his    Programme    upon  Vegetable    Fibre :    he 
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tliougbt  that  the  turns  of  the  spire  of  the  tracheae  anas- 
tomosed together  as  they  advanced  in  age,  whence 
resulted  the  appearance  of  the  annular  vessel ;  then,  if 
the  junction  continued  to  increase,  the  tube  would  take 
the  appearance  of  a  dotted  vessel. 

Rudolphi  diifers  from  Hedwig,  for  he  regarded  the 
tracheae  as  simple  spu-al  bands,  which  form  a  tube  by 
their  circumvolutions ;  but  he  considered  that  they 
gradually  anastomosed,  and  thus  changed  into  annular 
vessels.  He  affirms,  in  favour  of  his  opinion,  that  he  has 
found  only  spiral  vessels  in  the  young  growing  plants  of 
Alsine  mediae  Caragana  arborescens,  &c. 

Mirbel,  on  the  contrary,  sets  out  with  the  principle, 
that  vessels  are  a  modification  of  the  cellular  tissue,  and 
that  they  are  formed  of  porous  cellules  :  he  believes  that 
these  cellules,  placed  end  to  end,  form  the  strangulated 
vessels  ;  and  he  seems  to  indicate,  without  expressly 
saying  so,  that  these  may  change  into  porous  vessels ; 
that,  by  the  near  approximation  of  the  pores,  they 
become  the  vessels  which  he  calls  Slit  Vessels  (vaisseaux 
fendus),  or  False  Tracheae  (J'amses  trachees),  which  only 
differ  from  true  tracheae  in  being  incapable  of  unrolling. 
He  admits  that  all  the  intermediate  states  are  found  in 
nature  ;  and  that  the  same  tube  may,  in  different  parts 
of  its  length,  offer  all  these  different  forms :  he  calls  this 
the  Mixed  Tube  {tube  mixte).  But  he  thinks  that  each 
of  these  states  of  the  vessels  is  primitive,  and  not  pro- 
duced by  the  act  of  vegetation. 

Treviranus  (probably  in  consequence  of  the  idea 
originally  thrown  out  by  Sprengel)  states  as  the  effect 
of  vegetation  upon  the  vessels,  that  a  course  of  things 
diametrically  opposite  ensues.  He  supposes  that  the 
granules  which  are  observed  in  the  cellular  tissue,  are 
so  many  organized  vesicles,  which,  swelling  up,  form  as 
many  new  cellules ;    that  these    cellules,  according  to 
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tlieii"  respective  arrangement,  form  either  the  romid 
cellular  tissue,  or  the  elongated  cellules,  or  the  cellules 
disposed  necklace-like  {en  chapelet) ;  that  in  this  last 
state,  the  dilatation  of  the  vesicles  always  continuing,  the 
diaphragms  break,  and  change  the  series  of  necklace-like 
cellules  into  dotted  vessels,  into  false  tracheae  {fausses 
trachees),  and  into  true  tracheae,  according  to  the  degree 
of  development.  By  this  system,  Treviranus  explains 
how  all  the  parts  of  a  plant  seem  to  derive  their  origin 
from  the  cellular  tissue. 

Kieser  gives  an  entirely  different  opinion :  he  refers 
all  this  organization  to  an  elastic  fibre.  When  it  is  rolled 
spirally,  it  forms  the  trachea;  when  it  is  disposed  in 
circular  or  parallel  rings,  it  forms  the  striped  or  annular 
vessels  ;  when  the  spires  or  rings  are  joined  by  a  porous 
membrane,  the  result  is  the  formation  of  dotted  vessels ; 
when  these  dotted  vessels  have  their  origin  in  the  arti- 
culations, they  are  contracted  at  mtervals,  thus  forming 
strangulated  or  necklace-like  vessels  {vaisseaux  en  cha- 
pelet) ;  lastly,  when  the  spires  or  rings  are  remote  from 
one  another,  detached,  or  united  in  different  degrees, 
the  formation  of  reticulated  vessels  results. 

I  purposely  pass  over  several  other  theories,  which 
agree  in  different  points  with  those  which  I  have  rapidly 
sketched  out :  an  historical  narrative  of  this  subject  may 
be  found  in  Kieser's  Memoire  sur  r  Organisation  des 
Plantes.  What  I  have  said  is  sufficient  to  show  the 
extreme  diversity  of  opinion  entertained  by  anatomists, 
and  the  almost  impossibility  of  having,  in  the  present 
state  of  things,  a  satisfactory  opinion  upon  points  so 
refined. 

The  only  idea  which  appears  common  to  all  these 
theories  is,  that  all  the  different  orders  of  vessels  have 
the  most  intimate  mutual  relations,  and  can  only  be  con- 
sidered  as    modifications  of  one   another;    an  opinion 
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wliicli  is  confirmed  by  this  circumstance, — that  all,  or 
almost  all  the  orders  of  vessels  exist  simultaneously  in 
certain  classes  of  plants,  and  are  as  regularly  absent  from 
others. 

It  is  also  confirmed  by  the  extreme  diificulty  which 
most  anatomists  liave  encountered  in  distinguishing  these 
orders  of  vessels  with  any  certainty.  Thus,  for  example, 
there  are  some  observers,  such  as  DutrochetandRudol- 
phi,  who  admit  the  existence  of  tracheas  incapable  of  being 
unrolled ;  a  state  which,  if  it  were  well  demonstrated,  would 
seem  to  establish  a  kind  of  identity  between  tracheae 
and  annular  vessels.  Dutrochet  particularly  afiirms,  that 
when  these  vessels  are  subjected  to  boiling  in  nitric 
acid,  we  can  destroy  the  junctions  of  their  spires,  and 
render  them  capable  of  being  unrolled.  Kieser  remarks, 
that  the  rings  of  the  vessels  are  often  oblique;  and 
that  they  are  seen  to  pass  by  degrees,  in  the  same  vessel, 
into  the  form  of  true  spires.  The  transition  of  annular 
vessels  into  dotted  vessels  has  been  pointed  out  and 
figured,  by  several  of  those  who  have  thought  that  these 
dots,  whatever  may  be  their  nature,  being  continued, 
form  the  transverse  lines. 

The  analogy  of  dotted  vessels  with  strangulated  vessels 
is  so  great,  that  several  observers  have  made  little  or  no 
distinction  between  them. 

It  seems  then  admitted  by  observers,  whether  col- 
lectively or  in  detail,  that  all  these  different  organs  are 
only  modifications  of  a  single  kind ;  but  nevertheless,  in 
conunencing  on  this  theoretical  foundation,  many  doubt- 
ful points  still  remain  to  be  examined.  We  proceed 
now  to  pass  them  in  review,  not  for  the  purpose  of 
solving  them  v^ith  certainty,  but  to  show  the  contradic- 
tory tendencies,  and  the  probabilities  of  the  different 
opinions : — 

1st.  Does  each  of  these  vessels^  the  structure  of  ivhich 
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we  have  described  in  the  preceding  chapters,  preserve  the 
same  form  throughout  its  entire  length? — The  uncer- 
tainty on  this  subject  has  been  caused  by  Mirbel,  who 
admits  the  existence  of  mixed  tubes  (tubes  mixtes) — that 
is  to  say,  tubes  which  in  different  parts  of  their  length 
may  be  dotted,  striped,  or  spiral  like  a  gun-screw.  "  The 
same  tube,"  says  he,  '■'  exhibits  successively  these  dif- 
ferent forms :  a  trachea  of  the  stem  may  terminate  at 
the  root  in  a  strangulated  vessel — may  become  a  false 
trachea  at  the  knot  at  the  base  of  a  branch — may  pass 
over  this  in  the  form  of  a  dotted  tube,  and  resume  in 
the  leaves  or  petals  the  form  of  a  true  trachea."  Almost 
all  the  anatomists  who  have  WTitten  since  this  opinion 
has  been  published,  have  written  against  it,  or  at  least 
against  its  general  application  :  several  acknowledge 
that  they  find  some  tubes  which  bear  at  the  same  time 
short  and  long  stripes,  so  that  it  may  be  perhaps  ad- 
mitted that  annular  and  dotted  vessels  pass  one  into 
another,  and  in  this  very  restricted  sense  the  existence 
of  mixed  vessels  may  be  admitted ; — but  the  majority 
deny  the  other  combinations.  Rudolphi  says,  that  he 
believes  that  it  is  impossible  for  an  annular  tube  ever  to 
change  into  a  spiral  vessel ;  and  he  explains  the  assertion 
of  Mirbel,  in  thinking  that  he  has,  unconsciously,  passed 
from  one  vessel  to  another  under  the  field  of  the  micro- 
scope. Dutrochet,  in  particular,  affirms  that  there  are 
no  mixed  vessels,  in  the  sense  which  Mirbel  assigns  to 
this  word ;  and  that  the  tracheae  preserve  their  organiza- 
tion throughout  their  whole  extent.  Amici  says,  that 
he  has  never  met  with  any  vessels  compounded  of  tracheae 
and  of  tubes.  The  assertion  of  Mirbel,  he  adds,  may 
perhaps  be  only  a  simple  hypothesis  :  every  one  who 
has  applied  himself  to  the  anatomy  of  plants,  easily 
comprehends  the  impossibility  of  following  the  course 
of  a  vessel  for  so  long  a  distance. 
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Kieser  does  not  admit  mixed  vessels  as  a  particular 
class ;  but  he  agrees  much  with  the  opinions  of  Mirbel 
in  this, — that  he  admits  the  passage  of  one  form  into 
another.  Thus,  according  to  him,  a  tube  may  be  partly 
a  trachea,  and  partly  an  annular  vessel,  as  he  has  repre- 
sented in  the  Balsam ;  or  partly  a  trachea,  and  partly  a 
reticulated  vessel,  examples  of  which  are  fomid  in  the 
same  plant.  He  thinks  that,  when  they  grow  old, 
most  tracheae  become  dotted  vessels,  by  the  separation 
of  the  spires  or  the  rings,  and  by  the  development  of  an 
intermediate  dotted  membrane  :  consequently,  interme- 
diate forms  ought  to  be  foimd  from  time  to  time  between 
these  two  periods.  Lastly,  he  affirms  that  all  kinds  of 
vessels  become  strangulated  vessels  at  the  articulations. 

For  my  own  part,  I  have  not  any  theoretical  objection 
to  admitting  transitions  of  form  in  the  vessels;  but  I 
confess  that  I  have  never  seen  them  but  in  an  obscure 
manner,  and  one  which  has  appeared  to  me  doubtful, 
either  for  fear  of  passing  from  one  tube  to  another  luider 
the  field  of  the  microscope  without  suspecting  it,  or 
because  of  the  same  difficulty  which  is  also  found  in 
classing  these  different  forms.  I  am  inclined  to  think 
that  these  changes  of  form  of  one  and  the  same  tube 
have  rather  originated  from  theoretical  ideas  than  been 
clearly  seen  by  direct  observation  ;  and  I  venture  still 
to  direct  observers  to  the  verification  of  the  facts. 

2d.  Are  vessels  always  simple,  or  do  they  ramify  ? 

This  question  is  as  difficult  as  the  preceding,  and 
equally  merits  the  attention  of  observers.  We  find 
several  figures  of  the  old  anatomists  where  the  vessels 
appear  ramified ;  but  it  is  difficult  to  recognise,  either 
in  these  figures  or  in  the  descriptions,  whether  they  be 
in  reality  ramified  vessels,  or  bundles  of  vessels  which 
are  distinct.  Mirbel  has  most  positively  affirmed  that 
tubes  really  branched  do  exist,  and  he  has  given  a  figure 
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of  them  in  his  Elemens,  PI.  10,  fig.  9.  Kieser  adopts  the 
same  opinion,  at  least  with  regard  to  the  reticulated 
vessels ;  and  represents  them  ramified  ( Memoir e  Org., 
PI.  11,  fig.  51  ;  and  PI.  12,  figs.  56,  57  j,  but  respecting 
the  other  kinds  he  does  not  say  it  is  the  case  ;  however, 
he  appears  not  to  doubt  the  possibility  of  this  ramifi- 
cation. It  is  certain  that  it  is  very  rare :  if  it  really 
does  occur,  it  is  perhaps  only  in  the  articulations  ;  and 
as  this  is  the  part  in  plants  where  the  usual  interlace- 
ment of  the  fibres  renders  the  observation  very  difficult, 
there  remains  some  doubt  about  those  ramifications, 
which,  however,  probably  do  exist.  Still,  even  in  ad- 
mitting the  appearances  represented  by  Kjeser,  must  we 
not  well  distinguish  whether  he  does  not  reaUy  examine 
new  vessels  which  are  united  with  the  old,  or  vessels 
which,  being  enclosed  in  one  sheath,  tend  to  diverge  at 
their  exit  ? 

3d.  Do  the  dijlferent  kinds  of  vessels  which  we  have 
enumerated  preserve  the  same  form  during  the  ivhole 
period  of  their  existence  ? 

If  the  same  tube  could  be  examined  at  different 
periods  of  its  existence,  this  question  would  be  sus- 
ceptible of  solution  in  a  direct  manner ;  but  as  this 
observation  is  impossible,  we  must  have  recourse  to  other 
means  of  solving  it. 

Those  who  think  that  the  trachea  is  the  origmal  form 
of  all  the  other  vessels,  rest  their  theory  upon  facts 
striking  enough — viz.  that  tracheae  exist,  both  in  young 
plants  and  young  shoots,  more  abundantly  in  proportion 
than  other  vessels ;  and  consequently  it  is  probable  that 
these  other  vessels  are  no  more  than  transformed  tra- 
cheae. Kieser,  in  particidar,  has  given  great  weight  to 
this  opinion  by  his  dissections  of  the  Gourd  at  different 
ages.  In  admitting  the  truth  of  the  fact,  we  nevertheless 
cannot  deny  that  there  are  others  quite  as  positively 
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affirmed,  and  from  which  one  must  draw  an  opposite 
conclusion.  Thus  it  is  certain,  that  the  first  woody 
layer  of  trees  contains  trachese  in  a  state  incapable  of 
unrolling,  even  in  aged  stems ;  and  that  they  have  not 
been  found  in  the  next  layers,  even  in  a  young  state. 

Those  who  derive  the  origin  of  vessels  from  the  cel- 
lular tissue,  support  their  opinion,  1st,  upon  this, — that 
in  the  vegetable  kingdom  the  cellular  tissue  is  the  most 
universal  texture,  and  that  it  alone  composes  those 
plants  which  appear  the  least  perfect ;  2d,  that  in  every 
plant  it  is  more  abundant  in  the  individual  or  its  organs 
at  the  time  of  their  first  development,  than  at  an  ad- 
vanced age.  The  first  of  these  proofs  appears  to  me  to 
be  deduced  from  an  inadmissible  description  of  reason- 
ing— viz.  the  plan  of  considering  the  vegetable  kingdom 
as  an  individual  plant,  and  of  deciding  upon  one  species 
and  one  class  from  another,  as  if  the  general  forms  of 
beings  were  endowed  with  immutability.  As  for  the 
second,  the  point  is  true ;  but  it  is  as  easily  explained 
by  supposing  that  the  development  of  vessels  is  a  Httlc 
slower  than  that  of  the  cellules. 

Lastly.  There  is  a  thii*d  class  of  anatomists  who  re- 
gard all  the  fonns  of  vessels  as  constant,  and  who  assert 
that  age  does  not  determine  the  forms  under  which  the 
different  orders  of  vessels  have  been  established.  But 
even  these  give  credit  to  the  incrustation  of  the  cellules 
of  the  wood  and  bark,  to  the  formation  of  an  analogous 
incrustation,  or  a  development  of  a  peculiar  cellular  tissue 
in  the  aged  vessels :  and  it  must  be  confessed  that  their 
principal  argument  is  purely  negative ;  that  is  to  say, 
that  it  relies  upon  the  fact,  that  none  of  the  changes 
admitted  in  the  different  theories  have  ever  been  de- 
monstrated by  direct  observation. 

4th.  What  is  the  nature  of  the  markings  which  are 
observed  on  (he  dotted  and  strangulated  vessels?     This 
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question  merits  an  attentive  observation,  seeing  tliat  it 
is  very  closely  connected  both  with  the  ideas  which  we 
must  form  of  the  nature  of  vessels  in  general,  and  of 
their  use. 

Mirbel,  who  first  described  ■«ith  care  these  two  kinds 
of  vessels,  affirms  that  these  marks  are  pores  or  holes, 
commonly  bordered  by  an  opaque  raised  rim.  He  says, 
in  his  Anatomie,  torn.  i.  p.  57,  that  these  pores  are  not 
the  300th  of  a  hne  in  diameter ;  then,  in  his  last  work, 
he  reduces  their  diameter  to  nearly  a  third  of  that 
which  he  first  estimated  them  at,  in  saying  that  they 
are  perhaps  not  the  300th  of  a  millimetre.  He  considers 
the  transverse  Hnes  of  the  annular  vessels  as  a  series  of 
closely  approximated  pores,  and,  consequently,  as  actual 
slits.  This  opinion  appears  to  have  been  admitted  by 
Bernhardi;  and  it  is  moreover  maintained  by  Amici, 
who  gives  a  figure  of  these  transverse  slits  (Observ.  Micr. 
fig.  31, 32).  Kieser,  although  advocating  a  theory  quite 
opposed  to  that  of  Mirbel,  admits  likewise — 1st,  that  the 
marks  of  dotted  vessels  are  true  pores,  the  orifices  of 
which  he  has  seen  in  the  Sassafras,  the  French  Bean,  and 
the  Oak.  2d,  That  the  reticulated  vessels  present  actual 
holes  formed  by  the  incomplete  junction  of  the  spires. 
Likewise  he  agrees  with  Mirbel  upon  the  first  point, 
but  differs  widely  from  him  in  the  second.  That  which 
Amici  says  of  the  slits  of  the  vessels,  appears  to  relate 
rather  to  the  reticulated  vessels  of  Kieser  than  to  striped 
vessels. 

On  the  other  hand  we  find  a  great  number  of  anato- 
mists who  deny  the  perforation  of  the  marks  of  dotted 
vessels.  I  have  myself  been  induced  by  microscopic 
observation  to  doubt  the  perforation  of  these  organs, 
and  to  believe  that  that  which  has  been  considered  a 
pore  is  a  luminous  spot,  such  as  is  seen  in  the  bubbles 
of  air  which  are  found  in  water  in  the  field  of  the  micro- 
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scope.  As  early  as  1813,  I  proposed,  in  the  Theorie 
Elementaire,  to  give  to  the  tissue  the  names  of  dotted 
(ponctue)  and  striped  (raye),  instead  of  those  of  porous 
{poreux)  and  sKt  {fendu),  which  Mirbel  had  established : 
my  intention  was  not  to  affirm  any  thing  in  addition  to 
what  is  proved ;  and  these  names  have  in  fact  the  advan- 
tage of  being  admissible  under  all  theories.  More  lately, 
Dutrochet  has  given  new  proofs  of  the  non-perforation 
of  the  dots  and  lines  :  he  considers  the  dots  to  be  little 
globular  bodies  filled  with  a  greenish  transparent  matter ; 
he  has  observed  that  they  become  opaque  by  nitric 
acid,  and  that  then  their  centre  no  longer  transmits 
light :  he  adds  that  caustic  potass  restores  their  trans- 
parency, that  there  are  certainly  no  visible  pores,  and 
that  the  doctrine  of  Mirbel  is  doubtful  from  the  sole  fact 
of  the  size  which  he  has  attributed  to  them. 

If  we  admit  that  the  markings  of  vessels  are  not 
perforated  bodies,  we  must  seek  farther  in  order  to 
discover  their  nature.  Rudolphi  and  Link  regard  them 
as  amylaceous  or  mucilaginous  granules.  Treviranus 
appears  to  consider  them  as  young  cellules,  destined  to 
increase  in  size  and  to  become  themselves  distinct  cel- 
lules. Dutrochet  (considering  that  they  undergo  the 
same  changes  mider  the  action  of  acids  and  alkalies  as 
the  globules  of  the  nervous  system  of  animals — that  is  to 
say,  that  they  are  insoluble  in  the  first,  and  soluble  in  the 
latter,  knowing  that  the  animals  most  nearly  related  to 
plants  have  a  nervous  system  always  less  concentrated, 
and  seeing  that  these  markings  exist  in  sufficiently  great 
abundance  in  the  vegetable  organs  which  perform  any 
movement,)  has  believed  that  they  may  be  considered  as 
the  widely  spread  elements  of  a  diffuse  nervous  system ; 
and  he  has  proposed  to  call  them  nervous  corpuscules 
{corpuscules  nerveux),  meaning  by  this  term  a  globular 
microscopic  cellule  filled  with  nervous  substance. 
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Although  there  certamly  exist  facts  which  prove  that 
vegetable  life  differs  less  than  has  been  believed 
from  animal  life,  and  although  in  particular  the  recent 
experiments  of  Marcet  and  Macaire  tend  to  give  more 
probability  to  the  existence  of  a  nervous  system  in 
plants,  I  must  confess  that  I  am  stiU  far  from  affirming 
that  vegetables  have  a  nervous  system,  or,  even  ad- 
mitting^ it,  that  these  corpusciiles  perform  this  function. 
In  fact,  they  are  absent  in  most  of  the  plants  which 
most  resemble  animals,  such  as  the  Alga9  and  Fungi, 
and  they  are  found  in  abundance  in  those  where  one 
would  least  suspect  spontaneous  motion,  as  the  Lyco- 
podiaceae.  I  am  disposed  to  consider  these  corpus- 
cules  as  little  glands,  destined  to  co-operate  in  the 
nutrition,  and  perhaps  at  the  same  time  in  the  trans- 
mission, of  the  juices  of  one  cellule  or  one  tube  to 
the  neighbouring  cavity.  All  the  physiological  argu- 
ments, by  which  one  would  establish  the  existence  of 
pores  or  slits,  are  deduced  from  the  necessity  of  the 
transmission  of  the  juices,  and  shoidd  be  appKcable  to 
this  opinion ;  but  I  only  present  it  as  a  simple  hypothesis 
which  seems  to  me  probable ;  and  without  admitting  either 
visible  pores  or  spongy  glands,  I  do  not  deny  that  the 
membranous  tissue  cannot  be  endued  with  an  hygroscopic 
porosity  sufficient  to  transmit  the  juices.  There  is  Kttle 
doubt  that  different  vegetable  membranes,  which  appear 
homogeneous  under  the  strongest  microscopes,  are  en- 
dowed with  the  faculty  of  differently  elaborating  the 
juices  ;  but,  although  the  diversity  of  results  is  evident, 
we  have  too  much  difficulty  in  isolating  the  juices 
furnished  by  each  kind  of  cellules  or  vessels,'  to  affirm 
any  thing  of  their  nature. 

5.    What  is  the  affinity  of  the  vessels  with  the  neigh- 
bouring cellular  tissue  ? 

This  question  will  be  one  of  the  most  important  to 
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resolve,  in  order  to  understand  the  use  of  the  vessels, 
but  it  is  unfortunately  one  of  the  most  diiScult  parts  of 
the  subject.  It  may  be  divided  into  two — the  termina- 
tion of  vessels,  and  theii  juxtaposition. 

We  have  said,  in  speaking  of  the  Trachege  in  par- 
ticular, that  some  think  that  they  are  lost  in  the  Cellular 
Tissue,  and  others,  that  they  go  to  meet  the  pores  of  the 
Stomata.  These  two  opinions  can  be  sustained  in  all 
kinds  of  vessels  except  in  the  strangulated,  which  are 
limited  to  the  articulations  ;  but  no  one  has  hitherto 
seen  in  a  clear  manner  either  the  origin  or  the  termina- 
tion of  a  vessel,  and  this  is  a  point  to  which  it  is  im- 
portant to  call  the  attention  of  observers. 

As  to  the  position  of  the  vessels  in  the  tissue,  it  is 
certain  that  they  are  always  surrounded  by  elongated 
cellules  usually  close  to  one  another.  But  have  they 
any  communication  with  the  intercellular  passages  ?  Do 
the  walls  of  the  cellules  themselves  bear  any  part  in  the 
construction  of  the  different  kinds  of  vessels  ?  These 
questions  appear  to  me  to  be  still  without  a  precise 
answer. 


Section  VIII. 
On  the  Use  of  the  Vessels. 

If  we  are  far  from  agreeing  upon  the  structure  of  the 
vessels  of  plants,  we  must  expect  to  find  still  more 
difference,  if  possible,  in  the  opinions  relative  to  the  use 
of  these  organs. 

The  only  point  upon  which  observers  are  agreed,  is 
that  the  vessels  do  not  contain  any  Proper  Juice.    Kieser 


THE    VESSELS.  53 

certainly  found  it  once,  but  he  considered  it  as  an  acci- 
dental extravasation. 

It  is  also  pretty  certain  that  the  vessels  do  not  contain 
the  sap  elaborated  by  the  leaves,  since  they  are  for  the 
most  part  absent  in  the  bark,  v^^hich  is  the  part  of 
plants  v^rhere  these  elaborated  juices  pass  in  the  greatest 
quantity. 

The  question  then  is  reduced  to  this — Whether  these 
vessels  usually,  or  by  turns,  conduct  either  the  air,  or 
the  lymph  or  unelaboSrated  sap.  That  the  vessels  con- 
tain air,  appears  to  me  to  be  shown  by  reasoning  and 
observation.  1.  Since  vessels  only  exist  in  plants 
which  have  stomata,  and  as  the  stomata  are  orifices 
open  to  the  air,  it  is  probable  that  the  use  of  vessels 
is  in  connexion  with  the  air.  2.  Most  observers 
affinn  that  the  vessels  have  appeared  to  them  to  be 
void  of  all  liquid,  or,  in  other  terms,  to  be  full  of 
air.  3.  All  those  vessels  which  are  perforated  or 
slit  (and  we  have  seen  that  in  certain  theories  all 
are  so  more  or  less)  are  very  imperfect  conductors  of 
fluid. 

On  the  other  hand,  those  who  pretend  that  the  vessels 
serve  to  carry  the  fluids,  depend  upon  the  following 
facts  : — 

1.  In  experiments  where  a  plant  has  been  compelled 
to  draw  up  a  coloured  fluid,  we  see  clearly  enough  that 
the  walls  of  the  vessels  become  coloured.  I  have  seen  it 
very  distinctly,  especially  in  the  annular  vessels  of  plants 
with  a  loose  tissue.  But  it  must  be  remarked  that  the 
fact  has  only  been  well  observed  in  the  case  where  a 
stem  has  been  cut  and  the  end  plunged  into  coloured 
water,  consequently  in  circumstances  slightly  different 
from  the  natural  course  of  things ;  and  that  in  observa- 
tions so  delicate,  it  is  impossible  to  distinguish  if  the 
colouring  takes  place  in  the  interior  or  exterior,  that  is 
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to  say,  in  the  intercellular  passages :  though  I  incline 
to  the  first  opinion,  yet  I  do  not  regard  it  as  demon- 
strated. 

2.  In  microscopic  observations  it  is  not  rare  to  see 
bubbles  of  air  in  certain  vessels,  especially  in  the  annular 
or  dotted ;  but  a  bubble  of  air  is  only  visible  when  the 
rest  of  the  cavity  is  full  of  fluid. 

3.  In  the  hypothesis  that  the  vessels  meet  the 
stomata,  and  that  the  stomata  serve  for  the  evapora- 
tion of  the  water,  it  must  be  concluded  that  the  vessels 
contain  it  also. 

4.  In  the  opinion  of  those  who  deny  the  existence  of 
intercellular  canals,  it  is  almost  necessary  to  admit  that 
the  lymph  passes  in  the  vessels  ;  and  this  is  also  the 
opinion  maintained  by  Mirbel  and  Dutrochet,  whilst  the 
contrary  opinion  is  defended  by  Kieser  and  Amici,  who 
admit  the  existence  of  intercellular  canals. 

It  seems  then  that  the  theoretical  ideas  upon  the 
general  structure  of  plants  have  more  influence  than 
direct  observation  upon  the  conjectures  which  are  made 
of  the  use  of  the  vessels.  Among  these  contradictory 
arguments,  it  is  without  doubt  difficult  to  arrive  at  a 
final  opinion;  however,  the  great  analogy  which  vessels 
bear  to  one  another,  the  probabihty  of  their  transforma- 
tion from  one  into  the  other,  do  not  permit  us  to  think 
that  their  use  can  be  very  different ;  but,  as  the  trachea 
in  particular  appears  evidently  an  aerial  canal,  I  am  in- 
clined to  believe  that  all  the  other  vessels  perform  the 
same  office.  When  a  stem  with  a  loose  tissue  is  cut 
transversely,  the  juice  is  never  seen  to  exude  from  the 
orifice  of  the  vessels,  but  always  from  the  cellular  tissue ; 
bubbles  of  air,  on  the  contrary,  are  often  seen  to  proceed 
from  them.  I  think  then,  definitely,  with  Kieser,  that 
the  vessels  are  aerial  canals  ;  but  I  do  not  mean  to  deny 
that,  in  some  particular  cases  of  vegetation,  they  may 
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serve  for  the  passage  of  the  lymph,  in  conjunction  with 
the  intercelhilar  passages. 

The  ascent  of  the  lymph  in  the  stems  of  Mosses  and 
Hepatic^,  or  in  the  peduncles  of  Fungi,  which  have  no 
vessels,  is  a  great  argument  for  believing  that  the  vessels 
in  their  ordinary  state  are  not  the  conductors  of  the 
lymph ;  and  this  comparison  tends  to  confirm  the  preced- 
ing opinion. 
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CHAPTER  IV. 


OF    THE    FIBRES    AND    WOODY    LAYERS. 


When  a  stem  of  a  vascular  plant  is  cut  transversely,  we 
observe  a  certain  number  of  points  more  compact  than 
the  rest  of  the  tissue  ;  if  it  be  cleft  lengthways,  we  do 
not  fail  to  remark  that  these  points  are  the  ends  of  so 
many  longitudinal  bundles,  which  separate  more  easily 
from  the  rest  of  the  tissue  without  being  broken ;  these 
bundles  bear  the  name  of  Fibres,  (^6r<^.^ 

If  we  examine  them  with  the  microscope  we  easily 
perceive  that  a  fibre  is  not  a  simple  organ,  but  that  it  is 
composed  of  bundles  of  vessels  intermixed  and  sur- 
rounded by  elongated  cellular  tissue.  In  common  prac- 
tice, when  it  is  wished  to  procure  the  fibres  of  plants 
isolated,  the  plants  are  placed  in  water  to  macerate,  and 
after  some  time  the  fibres  seem  to  separate  spontaneously ; 
this  is  what  constitutes  the  maceration  of  Hemp,  Flax, 
Agave,  Phormium,  &c.  But  this  operation  in  reaHty 
disorganizes  the  vegetable  tissue  ;  in  fact,  it  exposes  to 
the  action  of  the  water  a  tissue  composed  of  parts  which 
are  capable  of  being  altered  in  different  degrees  by  that 
liquid :  the  water  first  affects  the  softer  and  less  compact 
parts — viz.  the  regular  cellular  tissue ;  and  by  it  separates 
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the  fibrous  bundles  which  are  really  joined  or  continuous 
with  the  cellular  tissue.  If  the  operation  be  continued, 
the  water  affects  a  part  of  the  elongated  cellular  tissue 
interposed  between  the  fibres,  and  each  fibre  is  divided 
into  several  fibrillas  :  if  the  maceration  be  still  pursued, 
the  vessels  themselves  are  disunited,  and  only  a  homoge- 
neous paste  is  obtained,  such  as  is  seen  in  the  manufac- 
ture of  paper.  The  analysis  of  this  popular  operation 
shows  how  the  anatomists  of  old  were  deceived  when 
they  thought  that  maceration  was  a  good  means  of 
knowing  the  intimate  structure  of  vegetables ;  it  is,  on 
the  contrary,  a  proceeding  eminently  defective,  since  it 
only  acts  by  destroying  the  more  delicate  parts. 

The  way  in  which  I  have  represented  the  structure 
of  fibres,  explains  very  well  why  they  are,  even  without 
maceration,  more  difficult  to  break  transversely  than  to 
split  longitudinally,  or  to  separate  from  the  neighbour- 
ing cellular  tissue.  In  breaking  a  fibre  transversely,  it 
must  destroy  the  walls  of  a  number  of  cellules ;  whilst,  in 
a  longitudinal  direction,  we  only  meet  with  now  and 
then  the  partitions  which  terminate  the  tubular  cellules. 
This  is  the  reason  why  all  the  fibrous  parts  of  plants  are 
more  easily  split  longitudinally  than  transversely;  this 
is  what  workmen  call,  to  follow  the  grain.  Parenchy- 
matous parts,  on  the  contrary,  may  be  broken  indiffe- 
rently in  all  directions,  because  they  are  composed  of 
regular  cellular  tissue. 

The  different  tenacity  of  the  fibres  of  plants,  results 
— 1st,  from  the  nature  itself  of  the  membranous  tissue; 
2dly,  from  the  number  and  compactness  of  the  mole- 
cules which  are  there  deposited ;  3dly,  from  the  number 
of  the  vessels  and  tubular  cellules  of  which  each  bundle 
is  composed;  4thly,  from  the  degree  of  elongation  of 
the  tubular  cellules.  The  most  tenacious  fibres  which 
are  known,  are  those  of  the  Phormium  ienax,  called,  very 
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improperly,  New  Zealand  Flax.  This  tenacity  has  been 
measured  by  Labillardiere,  by  suspending  weights  to 
filaments  of  a  fixed  diameter ;  by  this  method  he  found 
that  a  thread  of  silk  could  support  a  weight  of  34, 
Fhormium  tenax  2S7;,  Hemp  16|,  Flax  11|,  and  Aloe,  or 
the  Agave  Americana,  7. 

We  often  use  the  word  Jibre  as  a  convenient  abbrevia- 
tion to  express  a  bundle  composed,  in  vascular  parts,  of 
vessels  and  elongated  cellules,  and,  by  analogy,  in  cellular 
parts,  simply  of  elongated  cellules — forming  a  bundle 
distinguished  from  the  rest  of  the  tissue  by  its  greater 
tenacity.  The  veins  of  leaves  are  only  fibres  more  or  less 
ramified,  which,  in  separating  from  one  another,  leave  in 
the  cellular  tissue  interposed  between  them,  a  space 
for  its  development. 

Dutrochet  gives  to  the  name  Fibre  a  sense  a  little 
different  from  the  preceding :  he  says,  that  it  is  a 
rectilinear  assemblage  of  articulated  cellules,  or  of  elon- 
gated cellular  tissue ;  he  adds,  that  these  cellules  are 
extremely  small ;  that,  therefore,  Fibres  are  modifications 
of  the  cellular  tissue,  constituting  distinct  organs,  which 
draw  up  colovu'ed  water,  and  convey  the  sap.  This 
definition  of  Dutrochet  would  apply  well  enough  to  the 
veins  or  fibres  of  cellular  plants ;  but  it  has  always  ap- 
peared to  me,  (and  I  believe  that  I  am  in  accordance 
with  all  other  observers,)  that  the  fibre  of  vascular  plants 
is  composed  of  vessels  and  cellules  intermixed. 

It  suffices  for  the  present  to  conclude  that  a  Fibre 
is  not  a  simple  organ,  but  a  bundle  composed,  in  the 
majority  of  cases,  of  vessels  and  elongated  cellules 
firmly  united  into  bundles;  or  solely  of  elongated  cellules. 
It  is  in  the  longitudinal  direction  of  the  fibres  that  the 
course  of  the  juices,  especially  the  ascending,  is  directed. 

When  several  fibres  are  distributed  circularly  around 
an  axis,   either  real   or    ideal,   the   collection  of  them 
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bears  the  name  of  Layer,  (stratunu)  The  layers  are 
generally  concentric  rings,  or  cones,  placed  one  upon 
another  ;  they  are  far  from  being  simple  organs,  since 
they  are  formed  not  only  of  fibres,  which  are  themselves 
compound,  but  also  of  cellular  tissue  more  or  less  abun- 
dant, which  separates  and  connects,  either  the  fibres  of 
the  same  layer,  or  the  layers  themselves.  I  shall  return 
to  the  Woody  and  Cortical  Layers,  in  speaking  of  Stems ; 
and  I  only  mention  them  here  to  avoid  confounding  them 
with  the  elementary  organs. 
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CHAPTER  V. 


OF    THE    CUTICLE    AND    EPIDERMIS. 


Section  I. —  General  Considerations. 

The  name  of  Cuticle,  or  Epidermis,  has  been  given 
to  that  thin  transparent  membrane  which  covers  the  sur- 
face of  plants,  and  which  is  more  or  less  easily  separated 
from  the  rest  of  the  tissue.  Two  very  opposite  opinions 
have  been  advanced  upon  the  nature  of  the  Epidermis; 
the  one  (and  Grew  appears  to  be  the  first  who  main- 
tained it)  admits  that  it  is  a  membrane,  properly  so 
called,  distinct  from  the  tissue,  which  it  covers;  and 
that  it  increases  with  the  plant,  as  the  skin  of  animials. 
The  others  (and  Malpighi  may  be  considered  as  the 
author  of  this  theory)  have  maintained  that  the  epidermis 
was  only  the  external  cellules  of  the  plant,  or,  at  least, 
their  outer  wall  become  more  solid  by  the  action  of  the 
air  and  Kght,  by  the  passage  of  the  juices,  and  by  the 
effect  of  evaporation.  The  partizans  of  the  first  opinion 
maintain  that  the  opaque  reticulated  lines  which  are 
seen  on  the  epidermis,  are  vessels  which  form  part  of, 
or  adhere  to  it;  these  Hedwig  has  named  Vasa  lym- 
phatica  cuticula.  The  partizans  of  the  second,  think,  on 
the  contrary,  that  the  lines  are  traces  of  the  walls  of  the 
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cellules  broken  by  raising  the  epidermis.  Hedwig, 
Kieser,  and  Amici,  among  the  moderns,  have  maintained 
the  first  opinion.  Kroker,  Mirbel,  Link,  Sprengel,  and 
Rudolphi,  have  more  or  less  adopted  the  second ;  and  I 
have  myself  coincided  with  them  in  my  former  works. 
From  new  observations,  and  a  more  attentive  regard  to 
known  facts,  I  have  been  led  to  the  idea  that  the  two 
theories  are  both  quite  true,  but  applicable  to  different 
organs;  and  that  all  the  contradictory  arguments  of 
anatomists  are  true  as  concerns  one  part  of  the  organs, 
but  false  with  regard  to  the  other. 

I  admit,  then,  that  the  epidermis  of  leaves,  and  most 
probably  that  of  all  annual  shoots,  is  not  a  peculiar  mem- 
brane, (as  Grew,  who  called  it  Cuticle,  considered,)  but 
a  particular  layer  of  cellular  tissue  very  distinct  from 
all  the  following,  constituting  also  a  kind  of  covering 
which  I  also  call  Cuticle  ;  for  the  name  Epidermis, 
which  signifies  a  scarf-skin,  does  not  apply  to  it,  since  it 
constitutes  of  itself  the  entire  skin  :  on  the  contrary, 
in  old  stems,  the  membrane,  or  membranes,  which  are 
formed  upon  the  bark,  are  only  the  external  cellules 
dried  b}^  the  air  ;  these  may  retain  the  name  Epidermis, 
since  the  cellular  envelope,  which  is  beneath,  performs,  in 
certain  respects,  the  function  of  the  skin. 

In  examining  these  two  organs,  we  shall  at  once  give 
both  their  description  and  the  causes  of  our  opinion; 
and,  consequently,  we  shall  discuss  the  reasonings  for 
and  against  the  two  theories. 
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Section  II. 
0/  the  Cuticle,  properly  so  called. 

When  the  pellicle  which  covers  the  leaves  is  raised, 
we  see  that  it  is  a  very  fine  membrane,  marked  with 
spaces,  varying  in  form  in  different  plants,  and  often  in 
different  parts  of  the  same  plant. 

Those  who  pretend  that  this  pellicle  is  the  external 
wall  of  the  common  cellules  of  the  leaf,  rely  upon  the 
following  facts : — 

1st.  It  cannot  be  raised  without  tearing  at  the  same 
time  the  tissue  of  the  cellules,  and  exposing  a  part  of 
the  jmces. 

2d.  The  spaces  on  this  pellicle  are  forms  which  bear 
a  more  or  less  distinct  analogy,  either  with  those  of  the 
cellules  of  the  plant,  or  with  those  of  the  organ  from 
which  the  cuticle  has  been  raised ;  thus  the  cellules 
of  Grasses,  and  those  of  petioles,  are  in  the  form  of  an 
elongated  parallelogram,  like  the  spaces  of  the  cuticle 
which  covers  them. 

Those,  on  the  contrary,  who  maintain  that  the  cuticle 
is  a  peculiar  membrane,  marked  with  spaces  by  network, 
which  is  not  produced  by  the  edges  of  the  broken  cel- 
lules, remark — 

1st.  That  the  denudation  of  the  parenchyma  of  a  leaf, 
by  the  removal  of  the  cuticle,  is  better  explained  by  sup- 
posing that  the  walls  of  the  cellules  adhere  to  the  cuticle, 
than  by  supposing  that  the  two  bodies  are  only  one. 

2d.  That  if  aU  the  spaces  on  the  cuticle  were  always 
of  the  same  form  as  the  subjacent  cellules,  one  might 
believe  that  they  were  owing  to  their  rupture ;  but  it  is 
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not  so.  A  gfeat  number  of  leaves  have  the  cuticle 
marked  with  spaces,  the  borders  of  which  are  irregularly 
wavy,  and  of  forms  which  do  not  correspond  with  the  cel- 
lules of  the  same  plant,  (PI.  3.  Fig.  1.)  Those,  also,  which 
present  hexagonal  forms,  differ  in  size,  or  other  circmn- 
stances,  from  the  cellules  of  the  plant.  Amici  has  given 
several  examples  which  confirm  this  mode  of  reasoning ; 
and  I  have  myself  seen  this  fact  in  different  plants,  and, 
in  particular,  in  Tritoma  Uvaria,  (PI.  3,  Fig.  4.) 

3d.  The  cuticle  of  ahnost  all  leaves  presents  here  and 
there  pores,  which  are  called  Stomata ;  their  form  is  very 
remarkable,  and  they  do  not  exist  on  the  membranous 
pellicles  which  are  formed  on  the  parenchyma  when  the 
cuticle  has  been  removed:  but,  if  this  were  only  the 
external  wall  of  the  cellules  dried  by  the  air,  we  do  not 
see,  on  the  one  hand,  how  the  stomata  could  be  formed 
in  the  primitive  cuticle,  or,  on  the  other  hand,  why  they 
could  not  be  formed  a  second  time,  as  the  fu'st. 

4th.  Keith,  who  has  studied  this  subject,  remarks, 
that  the  cuticle  exists  in  organs  protected  from  the 
action  of  the  air, — as  the  internal  parts  of  buds,  where 
one  cannot  conceive  its  existence  by  the  theory  of 
Mirbel. 

5th.  The  same  author  also  remarks,  that  the  cuticle 
of  leaves  is  never  reproduced  ^vhen  it  is  taken  off;  which 
would  happen  if  it  were  formed  by  the  action  of  the  air 
upon  the  cellular  tissue. 

It  results  from  all  these  facts,  equally  true,  that  the 
cuticle  of  leaves  appears  to  be  formed  of  a  layer  of  cel- 
lules, usually  differing  in  form,  and  various  other  cir- 
cumstances, from  those  of  the  common  parenchyma ; 
and  that  it  may  on  this  account  be  considered  as  a  kind 
of  peculiar  membrane,  independent  of  the  subjacent 
cellular  tissue ; — that  when  it  is  removed  by  tearing  it, 
the    external   wall    of    the    cuticular    cellules   is    only 
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obtained; — that  the  lines  which  are  obser\:ed  on  it  are  the 
traces  of  cellules,  sometimes  very  different  from  the 
ordinary  ones,  and  sometimes  very  much  resembling 
them  • — lastly,  that  it  can  only  be  completely  seen  by  a 
transverse  section  of  the  leaf.  The  same  reasonings  are 
so  clearly  applied  to  the  cuticle  of  petioles,  young 
branches,  the  calyx,  corolla,  fruit,  and,  in  general,  of 
all  the  organs  examined  in  the  state  of  their  first  deve- 
lopment, that  I  do  not  know  how  to  admit  another 
opinion.  We  shall  see  presently  that  old  trunks  present 
entirely  different  phenomena. 

Let  us  examine,  for  the  present,  the  Cuticle,  consi- 
dered as  a  peculiar  membrane. 

The  Cuticle  does  not  appear  to  be  a  simple  membrane, 
as  it  seems  from  a  common  inspection,  or  even  under  most 
microscopes,  when  it  is  removed  from  the  surface  of  the 
leaf;  but  it  appears  formed  of  a  row  of  flattened  cellules, 
distinct  from  those  of  the  parenchyma,  as  Amici  has  dis- 
tinguished by  the  aid  of  his  powerful  microscope,  and  as 
I  have  seen  in  Tritoma  Uvaria  with  weaker  instruments. 

This  membrane  is  generally  more  tenacious  and  com- 
pact than  that  of  the  ordinary  cellules  of  the  parenchyma ; 
which  may  result  either  from  its  pecuKar  nature,  or  from 
the  action  of  the  air,  light,  or  evaporation  :  this  last  cause 
appears  to  be  the  principal ;  for — 

1st.  The  cuticle  is  much  more  compact  when  it  has 
been  some  time  exposed  to  the  aii',  than  when  it  is  first 
developed;  wherefore  it  has  been  said  of  certain  very 
fugacious  organs,  that  they  are  devoid  of  cuticle. 

2d.  The  cuticle,  furnished  with  stomata,  is  generally 
more  compact,  and,  consequently,  more  easily  separable 
from  the  subjacent  tissue,  than  that  which  has  none,  and 
which  appears  less  endowed  with  the  faculty  of  evapo- 
ration. 

3d.   We  know  that  the  water  which  arrives  at  the 
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surface  is  charged  with  earthy  particles  which  it  deposits, 
where  it  is  evaporated;  and  that,  in  consequence,  the 
memhrane  where  the  evaporation  takes  place  must  be- 
come denser. 

The  cuticle  is  naturally  transparent,  and  nearly  white  ; 
all  the  colours  of  the  leaves,  branches,  and  flowers,  are 
due  to  the  nature  of  the  substances  contained  in  the 
parenchyma;  the  cuticle,  however,  slightly  influences 
the  colouring,  either  by  the  degree  of  its  transparency, 
or  by  its  adhesion  being  more  or  less  strong  with  the 
cellular  tissue,  or,  perhaps,  also,  by  the  white  or  yellowish 
tints  it  gives  to  some  species.  It  influences,  also,  by  its 
peculiar  nature,  the  smooth  or  rough  appearance  of  the 
organs. 

At  the  time  when  an  organ  begins  to  be  exposed  to 
the  air,  the  cuticle  usually  presents  then  all  the  stomata 
and  hairs  which  it  is  accustomed  to  bear ;  they  c.re,  con- 
sequently, very  close  to  one  another,  and  as  the  surface 
increases,  they  become  more  distant ;  wherefore  old  leaves 
are,  in  proportion,  less  hairy  than  those  which  are  young. 
This  effect  is  also  due,  in  several  cases,  to  the  natural 
fall  of  the  hairs. 

When  the  cuticle  is  observed  with  a  microscope,  or 
strong  lens,  we  see  a  network  of  lines  which  form  the 
spaces,  either  parallelogram-shaped,  as  in  the  Narcissus 
and  the  Oat,  or  angular,  as  in  the  Lily,  or  curiously 
waving,  as  in  Ranunculus  repens,  and  Galium  aparine. 
These  lines  often  resemble  simple  threads ;  they  also 
frequently  appear  double ;  whence  we  presume  that  they 
are  hollow,  and  form  a  system  of  cuticular  vessels.  Hed- 
wig,  Kieser,  and  Amici,  maintained  this  opinion,  contrary 
to  that  of  many  other  anatomists.  It  is  believed  that 
these  vessels  serve  for  evaporating  the  water ;  but  they 
exist  in  almost  the  same  number  on  the  surfaces  which 
evaporate  very  little,  as  on  those  which  evaporate  much. 

VOL.  I.  F 
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There  is  great  diversity  among  plants  of  different 
species,  and  among  the  organs  of  the  same  plant,  with 
regard  to  the  facility  with  which  we  can  raise  the  conti- 
nuous pellicle  form.ed  by  the  external  wall  of  the  cellules  : 
in  general,  that  of  the  lower  surface  of  leaves  can  be 
detached  more  easily  than  that  of  the  upper ;  that  of 
leaves  of  an  herbaceous  or  fleshy  tissue,  more  easily 
than  that  of  dry  and  woody  ones ;  that  of  foliaceous 
parts,  more  than  that  of  the  sexual  or  petaloid ;  that 
of  surfaces  furnished  with  stomata,  than  that  where  they 
are  absent ;  that  of  organs  exposed  to  the  air,  than  that 
of  those  which  are  submerged  or  subterranean ;  that  of 
smooth  or  slightly  downy  surfaces,  than  that  of  those 
abundantly  covered  with  hair,  &c.  The  various  com- 
binations of  all  these  elements,  determine  the  numerous 
and  easily  comprehended  differences  between  all  plants. 


Section  III. 
Of  the  Epidermis  of  Old  Trunks. 

As  soon  as  a  young  shoot  has  attained  its  natural 
size,  it  ceases  to  increase  in  length,  and  commences  to 
expand,  following  the  laws  which  we  will  hereafter 
examine.  The  primitive  cuticle,  which  has  fulfilled  for 
a  certain  time  the  function  for  which  it  was  destined, 
and  which  is  not  destroyed  by  the  fall  of  the  organ,  as 
happens  in  the  case  of  leaves,  flowers  and  fruits, — the 
cuticle,  I  say,  of  the  branches  or  living  stems  is  found  in 
a  particular  state  :  it  becomes  at  first  a  little  opaque  ; 
then  dries  up,  exfoliates,  or  cracks,  either  from  the  con- 
tinuance of  the  evaporation  and  the  action  of  the  air,  or 
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by  the  distention  which  the  enlargement  of  the  trunk 
produces ;  it  is  then  destroyed  entirely,  or  in  part ;  and, 
if  we  except  some  fleshy  stems  which  grow  slowly,  the 
pellicle  which  covers  the  branches  of  the  second  or  third 
year  presents  an  appearance  different  from  the  cuticle ; 
it  is  of  a  closer  tissue,  and  offers  in  general  a  greater 
thickness. 

This  new  membrane  evidently  appears  formed,  as 
Malpighi  thought,  of  the  external  cellules  of  the  cellular 
tissue,  which,  being  dried  by  the  action  of  the  air,  become 
flaccid,  and  take  a  membranous  appearance.  It  is  this 
membrane,  sometimes  simple,  sometimes  complex,  which 
bears  the  name  of  the  Epidermis  of  Trunks  {epiderme  des 
troncs),  or  the  Epidermis,  properly  so  called.  Du  Petit 
Thenars,  who,  in  his  fifth  Essai  sur  la  Vegetation,  has 
well  elucidated  the  formation  of  the  epidermis,  remarks, 
that  it  would  be  almost  impossible,  in  every  other 
hypothesis,  to  conceive  the  enormous  increase  which  a 
membrane  ought  to  undergo,  which  would  be  supposed 
the  same  at  the  first  development  of  a  tree  as  at  an 
advanced  age.  The  epidermis  is  simple  when  the 
row,  or  rather  the  external  layer  of  cellules,  is  alone 
dried  ;  it  is  double,  triple,  or  multiple,  when  several  rows 
of  cellules  are  successively  dried :  this  is  seen,  for  ex- 
ample, in  a  very  high  degree,  in  a  Peruvian  tree,  which 
UUoa  has  called  Quinales,  and  of  which  he  says,  that 
having  detached  more  than  150  layers  of  the  epidermis, 
he  had  no  patience  to  count  more,  not  having  reached 
the  middle  of  the  bark.  We  can  see  an  analogous  cir- 
cumstance in  our  White  Birch,  a  branch  of  which,  at  its 
first  development,  has  a  cuticle;  then  it  takes  a  true 
epidermis;  then,  as  it  advances  in  age,  it  takes  two, 
three,  and  even  fifteen  or  eighteen  ;  and  at  last  finishes 
by  having  the  bark  cracked  so  as  to  present  interrupted 
plates  of  white  epidermis  on  the  shreds  of  its  cellular 

F  2 


08  VEGETABLE    ORGANOGRAPHY. 

envelope.  It  happens  thus  in  all  tr^es,  that  after  the 
time  when  the  transverse  distension  has  favoured  the 
formation  of  an  epidermis,  it  is  succeeded  by  another, 
when,  from  the  same  cause,  the  epidermis  is  destroyed 
by  the  cracks  of  the  bark. 

It  is  the  cuticle  wliich  always  bears  either  the  stomata, 
which  are  only  seen  well  by  the  microscope,  or  the  hairs 
which  so  often  cover  the  surfaces  of  leaves:  of  both  these 
we  shall  speak  very  shortly.  We  are  obliged  to  men- 
tion them  here  for  the  purpose  of  remarking,  that  when 
the  cuticle  is  destroyed,  these  organs  likewise  are.  The 
epidermis,  properly  so  called,  which  is  formed  by  the 
drying  up  of  the  cellular  tissue,  never  bears  either  hairs 
or  stomata.  This  circumstance  tends  to  confirm  the 
difference  between  these  two  membranes,  hitherto  con- 
founded under  a  common  denomination. 

The  cuticle  of  young    branches   has    a  tendency,  in 
general,  to  tear,  separate,  or  detach  itself  in  a  longitu- 
dinal direction,  which  is  that  of  its  growth ;    but  when 
the  elongation  has  ceased,  and  as  the  increase  in  diameter 
becomes  perceptible,    the   cellules,  which  upon  drying 
form  the  epidermis,  are  drawn  in  a  transverse  direction, 
so  that  instead  of  being  elongated  longitudinally  as  they 
were  at  first,  they  become  so  transversely :    it  results, 
therefore,  that  they  are  more  easy  to  break  across  than 
lengthways,  for   they    present   in   this   direction   fewer 
partitions  than  in  the  other ;  thus  the  same  reason  which 
makes  all  organs  which  increase  in  length,  more  easy  to 
be  split  in  a  longitudinal  direction,  causes  the  epidermis, 
which  is  distended  transversely,  more  easy  to  be  split  in 
a    transverse   direction ;    so  that   the  epidermis  of  the 
Birch,  Cherry,  and  generally  of  all  smooth  trunks,  divides 
nearly  circularly  across.      In  trunks  marked  with  chan- 
nels and  longitudinal  canals,  as  the  Vine,  the  epidermis 
preserves,   on    account  of   its  longitudinal  inequalities, 
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the  property  of  splitting  lengthways.  In  tubercles, 
exostoses,  and  generally  in  all  round  parts,  and  where  the 
growth  is  in  all  directions,  the  facility  of  rupturing  or 
splitting  the  epidermis  is  likewise  equal  in  all  directions. 

I  have  given  the  name  of  Lenticels  {Lenticelles)  to 
certain  little  oval  spots  which  are  seen  on  the  bark  of 
several  trees,  especially  of  the  Birch  :  their  use  and 
history  will  be  the  object  of  one  of  the  following  chap- 
ters ;  but  I  mention  them  here  because  they  may  serve  to 
verify  all  that  I  have  said.  In  their  young  state  they  are 
oval  longitudinally ;  by  degrees  they  become  round,  on 
account  of  the  thickening  of  the  branch  ;  and  they  finish 
by  elongating  transversely.  The  cuticle  or  epidermis  of 
the  branch,  of  which  these  organs  form  part,  must  undergo 
the  same  modifications  as  regards  the  form  of  its  cellules. 

The  use  of  the  epidermis  on  trunks  must  be,  in  ge- 
neral, to  protect  the  cellular  envelope:  this  is  performed, 
according  to  circumstances,  in  three  ways : — 

1st.  The  epidermis  stops  or  diminishes  the  evapor- 
ation ;  and  the  absence  of  all  evaporating  pores  in  this 
membrane  sufficiently  explains  the  cause. 

2d.  The  epidermis  opposes  the  decomposition  which 
would  be  caused  by  the  external  humidity  :  the  earthy, 
and  frequently  even  silicious  nature  of  this  membrane, 
perfectly  gives  the  reason  of  this  result. 

3d.  The  epidermis  may  also,  in  some  cases,  prevent 
the  frost  from  reaching  the  bark.  This  last  eflFect  is 
especially  observed  in  trees,  the  epidermes  of  which  are 
numerous :  each  of  them  retains  a  layer  of  enclosed  air ; 
and  they  form  so  many  envelopes,  which  prevent  the 
bark  from  acquiring  an  equilibrium  of  temperature 
with  the  circumambient  air. 

Thus  the  Birch,  which  has  more  epidermes  than  any 
other  European  tree,  ascends  highest  upon  the  Alps, 
and  reaches  nearest  the  frozen  regions  of  the  pole. 
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CHAPTER  VI. 

OF  THE  STOMATA,  OR  PORES  OF  THE  CUTICLE. 


I  DESIGNATE,  With  Link,  Under  the  name  of  Stomata 
(stomatesj,  the  oval  orifices,  which  are  very  visible  under 
the  microscope,  in  the  cuticle  of  the  largest  part  of  the 
herbaceous  surfaces  of  plants. 

Grew  was  the  first  anatomist  who  observed  them: 
but  he  did  not  call  them  by  any  particular  name,  or 
bestow  any  great  attention  upon  them,  Guettard,  who 
only  saw  them  with  a  lens,  has  called  them  Miliary 
Glands  (glandes  miliaires).  Gleichen  observed  them 
well  on  Ferns,  but  he  took  them  for  the  male  organs. 
Hor.  Bened.  De  Saussure  calls  them  Cortical  Glands 
(glandules  corticales).  Hedwig  designates  them  by 
the  names  of  Evaporating  Pores,  (spiracula,  pari  ex- 
halantes) ;  Jurine,  Link,  and  Kieser,  by  the  simple 
name  of  Pores;  De  La  Metherie,  by  that  of  Epi- 
dermal Glands  (glandes  cpidermo'i dales).  Mirbel  has 
called  them,  in  different  works,  Elongated  or  Large  Pores 
(pores  alo7iges  ou  grands).  Rudolphi  has  given  a 
good  description  of  them  under  the  name  of  the  Pores 
of  the  Epidermis  (pores  de  Vcpiderme).     I  have  myself 
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mentioned  them  under  the  name  of  Cortical  Pores  (pori 
corticales;  pores  corticaux).  But  as  neither  of  these 
compound  names  is  strictly  exact,  and  as  a  simple  term 
is  more  convenient,  I  prefer,  now,  to  designate  them  by 
the  name  of  Stomata,  which  Link  has  given  them.  I 
prefer  it  to  that  of  Pores,  which  is  employed  in  very 
different  senses,  for  designating  every  kind  of  little 
orifice. 

The  Stomata  present  themselves  under  the  form  of 
oval  pores,  sometimes  almost  round,  at  others  rather 
elongated.  Their  size,  which  varies  in  different  plants, 
is  commonly  in  accordance  with  the  meshes  marked  on 
the  cuticle.  Liliaceous  plants,  and  in  general  those  of 
a  loose  tissue,  have  them  commonly  larger  and  fewer ; 
those  'of  a  more  compact  tissue  have  them  smaller,  and 
nearer  one  another.  The  open  orifice  of  the  stomata 
has  been  seen  and  unanimously  admitted  by  all  ob- 
servers, except  Mirbel,  who,  after  having  admitted  and 
figured  it  in  his  first  works,  supposes  (I  know  not  what 
foundation  he  has  for  so  doing)  that  this  orifice  is  an 
optical  illusion."  One  may  especially  observe  the  porosity 
of  the  stomata  in  this, — that  their  orifice  is  equally  seen, 
whether  the  inferior  or  superior  surface  of  the  cuticle 
be  observed.  Not  only  do  all  other  anatomists  admit 
that  the  stomata  are  really  perforated,  but  that  the 
openings  vary  in  size  according  to  circumstances :  they 
are,  in  general,  open  in  leaves  which  grow  well,  and  in 
parts  exposed  to  the  sun ;  they  are  less  open,  or  some- 
times entirely  closed,  on  the  surfaces  of  leaves  which 
are  very  old,  or  which  have  not  been  exposed  to  the 
light  for  some  time.  Their  border  has  the  appearance 
of  a  kind  of  oval  sphincter,  capable  of  being  opened 
and  closed :  the  line  which  surrounds  this  sphincter  is 
alwavs  continuous  with  those  which  form  the  network  of 
the  cuticle :  under  this,  and  in  the  interval  between  the 
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border  of  the  sphincter  and  the  pore,  granules  of  a  green 
matter  are  very  frequently  found. 

Stomata  exist  in  a  more  or  less  distinct  manner  in  all 
the  foliaceous  surfaces  of  vascular  plants — viz.  in  leaves 
properly  so  called,  in  stipules,  in  the  green  bark,  in  the 
calyx,  and  pericarps  which  are  not  fleshy ;  they  are 
wanting  in  all  buds,  aged  stems,  petioles  which  are  not 
foliaceous,  most  petals,  fleshy  fruits,  and  all  seeds  of 
vascular  plants ;  they  are  also  absent  in  all  the  organs 
of  cellular  plants.  Some  naturalists,  and  especially 
Treviranus,  affirm  however  that  they  have  seen  them  in 
a  small  number  of  Mosses ;  but  I  have  never  remarked 
them.  Rudolphi  also  denies  their  existence  in  Mosses 
and  Hepaticse. 

Leaves  do  not  bear  stomata  indifferently  on  both  sur- 
faces :  some,  as  for  example  those  of  the  Pear,  Begonia 
spatulata,  &c.  have  them  only  on  the  inferior  surface ; 
most  liliaceous  plants  and  grasses  have  them  on  both 
surfaces ;  in  the  floating  leaves  of  the  Nymphaeacea  they 
are  found  only  on  the  superior  surface.  Rudolphi 
affirms  that  they  are  entirely  wanting  in  some  extraordi- 
narily woolly  leaves,  such  as  those  of  Marruhium.  They 
are  only  found  on  petioles  when  they  are  dilated  so  as 
to  form  a  kind  of  leaf,  or  when  they  are  surrounded  by 
foliaceous  borders.  The  stipules  have  them  only  when 
they  are  foliaceous ;  this  is  also  the  case  with  young- 
shoots,  which  only  have  stomata  when  they  are  green, 
soft,  and  herbaceous  ;  and  they  are  generally  absent  when 
they  are  either  very  woody,  fleshy,  or  membranous  ; 
some  woody  stems,  with  a  green  bark  of  almost  a  foli- 
aceous nature,  have  stomata  as  true  leaves  have — such 
as,  for  example,  those  of  Eiphedra. 

The  involucrum  and  calyx  follow  analogous  laws ;  they 
have  stomata  when  they  are  foliaceous,  and  scarcely,  if 
ever,  when  they  are  membranous.    Perigones  have  them 
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almost  entirely  on  their  lower  surface,  even  when  they 
are  coloured,  as  in  the  Marv-el  of  Peru  (Mirahilis), 
and  they  are  most  frequently  wanting  on  the  superior 
surface ;  they  are  very  rarely  found  in  the  petals,  except 
in  some  plants,  such  as  Michauxia,  Campanula  har- 
hata,  Peganum  harmala,  which  have  them  externally ; 
Dictamnus  albiis,  and,  according  to  Rudolphi,  Epilohium 
angustifolium,  present  them  on  both  surfaces.  I  have 
found  them  on  the  inferior  surface  of  petals,  which  have 
been  transformed  into  leaves,  in  a  monstrosity  of  Ranun- 
culus philonotu.  I  have  never  seen  them  on  the  styles 
or  stamens  ;  but  Rudolphi  asserts  that  they  exist  on 
some,  such  as  those  of  Lilium  hulhiferum.  They  are 
often  found  on  pericarps  which  are  of  a  foliaceous 
nature  ;  but  all  that  are  fleshy  are,  without  exception, 
devoid  of  them. 

This  last  law  is  analogous  to  that  which  is  observed  in 
leaves  ;  those  which  are  fleshy  have  much  fewer,  in  pro- 
portion, than  those  of  a  thin  or  fibrous  texture.  In  all 
these  difierent  organs  we  never  find  stomata,  either  on 
the  primary  or  secondary  veins,  or  on  their  ramifica- 
tions, but  always  on  the  parenchyma  properly  so  called. 
Tliis  position  of  the  stomata  is  contrary  to  that  of  the 
hairs,  which  spring  from  the  veins  or  their  ramifica- 
tions. 

The  stomata  are,  in  general,  scattered  over  the 
parenchyma,  and  distributed  at  nearly  equal  distances; 
sometimes,  as  is  seen  in  leaves  with  parallel  veins,  they 
are  disposed  in  one  or  two  longitudinal  rows  between  the 
veins.  Those  of  the  Equisetum,  observed  by  Vaucher, 
are  disposed  upon  the  stem  in  longitudinal  lines,  between 
the  projecting  veins ;  their  number  and  disposition 
would  even  furnish  crood  soecific  characters. 

There  are  some  leaves  where  they  are  found  congre- 
gated here  and  there,  forming  kinds  of  little  rosettes  or 
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round  spots.      These  rosettes  are  visible  on  the  inferior 
surface  of  the   leaves    of  Begonia   spatulata,    formmg 
little  dots,  which  are  visible  to  the  eye ;    they  are  espe- 
cially very  remarkable  in  the  leaves  of  Crassula  cordata 
and  C.  arhorescens ;    for  the  round  dots  which  are  seen 
by  the  naked  eye,  are  the  collections  of  stomata.     This 
fact  made  me  formerly  suggest  the  idea  that  the  stomata 
micrht  be  the  orifices  of  the  vessels ;  for  each  of  the  dots 
of  the   Crassulas,  which  I  have  just  mentioned,  is  the 
termination  of  a  fibre  which  is  itself  a  bundle  of  vessels. 
I  was  confirmed  in  this  idea,  from  considering  that  the 
stomata  are  not  present  in  plants  devoid  of  vessels  ;  I 
confessed,  however,  that  I  never  saw  the  continuation 
of  a  vessel  to  one.     Comparetti  has  gone  farther  than 
I  have,  and  has  asserted  that  he  has  seen  vessels  termi- 
nate in  stomata.     Mirbel  says,  on  the  contrary,  that  the 
stomata  are  the  orifices  of  cellules  ;  and  Kieser  considers 
them  as  the  terminations  of  the  intercellular  canals.     I 
incline,  now,  to  this  last  opinion ;    but  it  is  a  question 
which  deserves  fresh  examination. 

The  stomata  are  absent  in  several  plants,  on  account, 
it  seems,  of  their  manner  of  living.  Thus — 1st,  They 
are  not  found  either  on  the  leaves  or  stems  of  plants 
which  grow  under  water,  such  as  Zostera,  Ceratophyl- 
lum^  &c. ;  and  in  those  which  have  part  of  their  organs 
under  and  part  above  water,  as  several  species  of  Pota- 
mogeton,  Myriophyllum,  Nymphcea,  &c.  the  stomata 
exist  only  in  the  parts  exposed  to  the  air  ;  they  are 
found  on  the  leaves  of  Ranunculus  aquatilis  when  they 
are  raised  above  the  water,  but  are  wanting  when  they 
grow  under  it.  2dly,  The  part  of  the  leaves  of  bulbous 
plants  which  is  concealed  in  the  Onion,  and  conse- 
quently etiolated,  is  either  entirely  deprived  of  them,  or 
presents  some  closed  and  imperfect  ones.  AU  truly 
parasitical  vascular  plants,  which  are  not  of  a    green 
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colour,  have  no  stotnata  either  on  their  stems,  or  on  the 
imperfect  rudiments  of  their  scale-like  leaves ;  such  as 
Orohanche,  Lathrma,  Monotropa,  Cuscuta,  &c. ;  on  the 
contrary,  those  which  are  green,  as  the  Misseltoe  (Fwcms), 
and  Loranthus,  are  abundantly  supplied  with  them. 

The  use  of  the  stomata  is  an  important  point  in 
vegetable  physiology  and  anatomy,  and  naturalists  have 
formed  different  opinions  with  regard  to  it.  Perhaps 
these  organs  can,  imder  different  circumstances,  perform 
different  offices.  Some  have  attributed  to  them  the 
office  of  exuding  the  resinous  or  waxy  matter  which 
covers  different  leaves  ;  but  when  we  consider  the .  uni- 
versality of  the  stomata  among  vascular  plants,  and  the 
rarity  of  these  excretions,  we  are  compelled  to  conclude 
that  if  the  stomata  serve  for  their  formation  or  produc- 
tion, this  can  only  be  regarded  as  an  additional  use  of 
these  organs.  As  for  the  cerous  matter  wiiich  forms 
the  glaucous  dust  of  plants,  it  offers  a  second  objection; 
it  exists  on  several  fruits,  such  as  plums,  for  example, 
which  have  no  stomata. 

It  is  among  the  general  functions  of  the  foliaceous 
organs  that  we  must  look  for  the  office  of  the  stomata ; 
these  orifices  may  then  serve  either  for  the  exhalation  or 
the  absorption  of  the  air,  or  for  the  exhalation  or  ab- 
sorption of  water. 

As  for  their  connexion  with  the  evolution  of  gas,  I 
may  remark,  that  their  absence  in  roots  and  old  stems, 
their  rarity  in  petaloid  parts,  and  their  obliteration  in 
parts  which  are  etiolated,  would  seem  to  prove  that  they 
serve  for  the  exhalation  of  oxygen  :  since  these  different 
organs  are  deprived  of  tliis  function ;  but,  on  the  other 
hand,  they  are  absent  in  submerged  leaves,  fleshy  fruits, 
and  all  cellular  plants.  Now,  as  all  these  organs  exhale 
oxygen  when  they  are  green,  we  can  only  say  that  it 
may  be  the  stomata  which  fulfil  this  ofliice  ;    they  exist 
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in  coloured   leaves,  and   in   some  petals  which  do  not 
exhale  oxygen. 

Theodore  de  Sanssure  has  made  known  the  manner 
in  which  plants  absorb  oxygen  during  the  night;  and 
he  seems  to  think  that  this  absorption  is  performed  by 
the  stomatd,  because  succulent  and  marshy  plants,  which 
have  few,  absorb  less  than  others.  But,  1st,  Herbaceous 
plants,  which  have  many,  are  not  those  which  absorb 
most  gas.  2d,  This  function  is  performed  during  the 
night,  at  which  time  the  stomata  appear  closed.  We 
are  at  present  acquainted  with  the  nocturnal  absorption 
of  air  in  too  limited  a  number  of  plants,  to  be  able  to 
form  an  opinion  upon  the  function  of  the  stomata  in  this 
respect ;  we  must  be  informed,  in  particular,  if  fleshy 
fruits,  petals,  and  cellular  plants,  which  are  devoid  of 
stomata,  absorb  air. 

We  can  with  less  uncertainty  appreciate  the  action  of 
the  stomata  with  regard  to  their  perspiration  of  water. 
They  exist  in  all  the  foliaceous  parts,  where  we  know 
that  this  function   is   performed ;    they  are  in  gi'eater 
abundance   in  plants   with   membranous  leaves,   which 
perspire  much,   than  in  those  with  fleshy  ones,  which 
perspire  little ;  they  are  wanting  in  aquatic  leaves,  etio- 
lated surfaces,  fleshy  fruits,  petals,  and  roots,  which  do 
not  appear  to  perspire,  at  least  not  in  a  manner  analo- 
gous to  leaves.      They  are  closed  during  darkness,  that 
is  to  say,  when  the  perspiration  ceases ;  and  are  open  to 
the  sun,  that  is,  when  they  perform  this  function  more. 
Finally,  they  are  absent  in  cellular  plants,  where  perspi- 
ration  does  not  take   place    as  in  other   plants.      We 
must  distinguish  simple  evaporation,  which  takes  place 
through  the  tissue,  in  all  the  organs,  in  graduated  and 
moderate   proportion,  from  the  perspiration,   which   is 
caused  by  the  eflect  of  solar  light  in  great  quantity  only 
in  the  organs  furnished  with  stomata,  and  which,  I  think. 
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is  performed  by  them.  It  is  from  not  lla^dng  made  this 
distinction,  that  incorrect  objections  have  been  made 
against  this  theory ;  which  Hedwig  first  indicated  in  1793 ; 
which  I  established  in  1801 ;  and  which  has  been  since 
confirmed  in  180^  by  Sprengel,  and  in  1807  by  Link 
and  Rudolphi. 

The  contrary  opinion  has  been  maintained  by  Schrank, 
who  thinks  that  the  stomata  are  employed  to  draw  mois- 
ture from  the  air.  I  believe  that  the  absorption  of 
aqueous  vapours  by  the  leaves  is  a  phenomenon  either 
rare,  or  contrary  to  the  natural  course  of  vegetation : 
the  plants  where  this  is  most  striking  are  the  aquatic 
Algas,  which  evidently  absorb  the  circumambient  water 
by  their  whole  surface ;  but  these  plants  have  no  stomata, 
and,  consequently,  this  example  would  prove  contrary 
to  this  opinion.  '  Among  vascular  plants,  those  in  which 
the  absorption  of  water  appears  most  evident  are  those 
of  a  succulent  nature,  which,  as  we  know,  live  for  a  long 
time  when  separated  from  their  root,  seeming  as  if  they 
were  nourished  by  the  air.  I  am  assured  by  expe- 
riments, that  these  plants  constantly  lose  weight  when 
they  are  suspended  in  a  sheltered  place,  but  that  if  they 
are  then  plunged  into  water,  or  are  exposed  to  rain, 
they  regain,  in  a  very  short  time,  all  the  weight  which 
they  had  lost :  therefore  the  stomata,  in  their  ordinary 
state,  do  not  abstract  moistvire  from  the  air ;  but  withered 
or  faded  leaves  absorb  water  which  is  in  contact  with 
them.  Is  this  by  the  simple  hygroscopicity  of  the  tissue, 
or  by  the  stomata  ?  There  are  circumstances  which  may 
favour  this  last  opinion. 

Bonnet  has  seen  that  certain  leaves  are  able  to  live  by 
having  water  applied  to  one  or  both  of  their  surfaces ; 
and  it  seems  evident,  from  these  experiments,  that  they 
absorb  the  water  by  the  surface  in  contact  with  the 
fluid ;  for,  in  order  that  the  leaf  may  live,  the  face  which 
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bears  the  stomata  must  always  be  applied  to  the  liquid : 
so  that  they  appear  to  be,  in  this  case,  absorbing  organs. 
However,  when  tliis  experiment  is  performed  with  a 
coloured  fluid,  the  colouring  particles  never  penetrate 
the  leaf ;  whence  it  will  be,  perhaps,  more  exact  to  con- 
clude, that  if  the  leaves,  supplied  with  water  upon  the 
surface  which  is  provided  with  stomata,  preserve  them- 
selves fresh,  this  is  only  because  the  contact  of  the  water 
arrests  their  perspiration  :  this  is  illustrated  artificially 
in  the  state  of  a  fleshy  fruit,  which,  not  having  any 
stomata,  remains  fresh  for  several  weeks,  or  even 
months. 

I  think,  then,  in  conclusion — 1st,  that  the  customary 
use  of  the  stomata  is  for  perspiring  water,  which  must 
be  distinguished  from  simple  evaporation  ; — 2d,  that  it 
is  not  impossible  that  they  may  also  serve,  in  some  cases, 
for  absorption ;  but  that  the  experiments  are  all  ex- 
plained pretty  well  by  the  hygroscopicity  of  the  tissue  ; 
— 3d,  that  it  is  equally  possible  that  they  absorb  water 
during  the  night,  but  that  the  experiments  are  not  suffi- 
ciently multiplied  to  enable  us  to  assert  it. 

Independently  of  the  stomata,  wliich  are  quite  visible, 
it  is  probable  that  the  surface  of  plants  is  pierced  through 
with  imperceptible  pores :  these  might  appear,  after  the 
progress  of  vegetation,  to  exist  in  the  external  walls  of 
the  cellules,  or  on  the  cuticle,  but  so  small  that  the 
strongest  microscopes  cannot  make  them  perceptible; 
and  they  are  only  supposed  to  exist  fr'om  the  physio- 
logical phenomena  which  take  place.  Thus,  when  we 
expose  to  the  air  a  part  of  a  plant  which  we  know  from 
observation  to  be  devoid  of  every  other  kind  of  pore,  we 
do  not  fail  to  remark  that  it  graduaDy  loses  a  little  of  its 
weight,  and  that,  consequently,  the  fluids  which  it 
contains  are  found  to  have  escaped :  if  we  place  [in 
water  a  piece  of  the  tissue  of  a  Moss,  which  we  know 
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has  no  visible  pores,  it  absorbs  the  water  with  an  avidity 
which  indicates  the  permeabihty  of  its  surface.  Are 
these  pores  simply  inorganic,  and  such  as  philosophers 
admit  to  exist  in  all  substances  ?  Are  they  infinitely 
small  glands,  which  in  some  cases  secrete  the  oily,  waxy, 
or  resinous  substances,  which  cover  certain  surfaces? 
Do  they  serve  for  the  usual  passage  of  gas  and  vapours, 
or  for  that  of  fluids?  All  these  questions  remain  un- 
answered. 
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CHAPTER  VII. 


OF    THE    SPONGIOLES    AND    SUCKERS. 


I  HAVE  designated  under  the  name  of  Spongy  Pores 
(pores  spongieux ) ,  or  Spongioles  (spongiolce),  certain 
external  parts  of  the  tissue,  which  have  a  most  energetic 
tendency  to  absorb  the  fluids  with  which  they  are  in 
contact;  and  they  seem,  in  this  case,  to  act  as  very 
hygroscopic  little  sponges.  They  appear  formed  of  a 
very  close  cellular  tissue,  composed  of  round  cellules.  At 
first,  I  only  referred  to  this  class  of  organs  those  which 
are  observed  at  the  extremity  of  the  roots ;  but  I  believe 
that  several  kinds  of  Spongioles  must  now  be  distin- 
guished. 

1st.  The  Radical  Spongioles,  (spongiolce  radlcales; 
sponqioles  radicales,)'a.ve  situated  at  all  the  fibrous  ex- 
tremities of  roots.  When  we  dissect  these  extremities, 
we  only  find  in  the  interior  round  cellular  tissue ;  but 
although  the  entire  body  of  each  radical  fibril  appears 
composed  of  an  analogous  cellular  tissue,  experience 
proves  that  it  is  by  the  extremity  alone  that  the 
absorption  of  the  sap  is  performed.  In  fact,  if  we 
place,  as  Senebier  did,  two  roots  in  such  a  manner, 
that  in  the  one  the  extremity  alone  touches  the  water. 
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whilst  the  other  has  its  whole  surface  plunged  in, 
excejit  its  extremity,  which  is  raised  in  the  air,  the  for- 
mer will  suck  up  just  as  usual,  and  the  other  will  not 
absorb  any  perceptible  quantity.  This  experiment, 
which  can  easily  be  repeated  with  a  Carrot,  or  Scorsonera, 
evidently  proves  that  the  extremity  of  roots  is  endowed 
with  an  entirely  peculiar  hygroscopic  power ;  but  if  we 
reflect  that  the  roots,  as  we  shall  show  by  and  by,  increase 
only  by  their  extremities,  we  shall  be  strongly  led  to 
believe  that  that  which  essentially  distinguishes  this 
extremity,  is,  that  it  always  presents  a  young  membra- 
nous surface,  which  is  not  obliterated  by  age,  and  which 
enjoys  in  all  its  plenitude  the  hygroscopic  property  of 
vegetable  tissue  :  we  should  consider,  therefore,  how  the 
extremities  of  roots  present  phenomena  so  distinct, 
without  their  anatomical  structure  offering  any  thing 
remarkable. 

Carradori,  who  has  repeated  the  experiments  of  Sene- 
bier,  obtained  the  same  results  when  he  employed  the 
roots  of  the  Radish,  or  the  highly  developed  ones  of 
other  plants.  He  varied  the  experiment  by  placing  a 
Radish,  first,  with  its  roots  in  the  water  and  its  spon- 
gioles  out  of  it ;  in  this  case  its  leaves  withered :  after- 
wards the  'spongioles  were  put  into  the  water,  and  the 
body  of  the  root  into  the  air,  and  then  the  leaves 
regained  their  freshness.  When,  on  the  contrary,  he 
submitted  to  the  same  tests  young  plants  of  Corn,  or  the 
Lupine,  still  bearing  their  cotyledons,  he  saw  that  even 
when  the  roots  had  their  extremities  out  of  the  water, 
they  continued  to  vegetate :  he  has  concluded  from  these 
facts,  that  the  roots  absorb  the  water  by  their  whole 
surface ;  but  from  his  own  accounts,  I  conclude  only  that 
these  young  plants  are  nourished  for  some  days  at  the 
expense  of  their  cotyledons. 

The    largest  Radical  Spongioles  which  I    have  met 
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with  are  those  of  the  Pandanus  odoratissimus,^  of  which  I 
have  given  a  figure.  We  here  remark  that  the  Spongiole 
is,  as  it  were,  surrounded  by  the  remains  of  an  epidermis, 
which  it  appears  to  have  broken  by  its  elongation  :  these 
remains  afterwards  fall  off,  without  leaving  any  trace  upon 
the  body  of  the  root,  and  represent  a  kind  of  broken  coleo- 
rhiza.  The  hood  which  terminates  the  root  of  Lemna 
seems  to  be  a  kind  of  coleorhiza,  which,  instead  of 
breaking  at  its  apex  for  the  purpose  of  letting  the  spongiole 
pass  through,  breaks  at  its  base,  and  covers  it  as  the 
operculum  of  Mosses  covers  their  theca.  We  find  some- 
thing analogous  to  this  in  all  roots  which  grow  in  water. 

2d.  The  Pistillary  Spongioles,  (spongiolce  pistil- 
lares ;  spongioles  pisfillaires)  are  the  points  of  the 
female  organ  which  absorb  the  fecundating  liquor,  in  the 
same  manner  as  the  extremities  of  the  roots  absorb 
water  ;  they  are  commonly  placed  at  its  extremity,  and 
form  the  principal  part  of  the  stigma  :  when  we  dissect 
this,  we  only  perceive  a  cellular  tissue,  which  seems 
to  offer  nothing  particular  in  its  structure.  We  shall 
return  to  these  when  we  speak  of  the  Organs  of  Fe- 
cundation. 

3d.  The  Seminal  Spongioles,  (spongiolcB  seminales  ; 
spongioles  seminales)  which  are  placed  upon  the  surface 
of  the  seed,  and  through  which  the  moisture  penetrates, 
which  makes  it  grow.  We  shall  see,  in  fact,  when  we 
treat  upon  Germination,  that  these  spongioles  appear, 
in  each  class  of  seeds,  to  be  placed  with  some  regularity, 
and  that  they  enjoy  all  the  properties  of  the  other  kinds 
of  spongioles. 

The  Radical,  Pistillary,  and  Seminal  Spongioles,  have 
the  following  remarkable  properties  in  common  : — 

1st.  That  these  organs  are  the  places  where  the  cellu- 

*   See  tlie  chapter  on  Roots. 
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lax  tissue  enjvoys  its  hygroscopic  property  in  the  liighest 
degree. 

2d.  That  they  perform  a  very  marked  degree  of  ab- 
sorption without  any  peculiar  visible  organization. 

3d.  Moreover,  that  they  absorb*  the  colouring  parti- 
cles of  fluids  ;  while  these  particles  never  pass  through  the 
stomata,  which  are  infinitely  larger  than  any  of  the  pores 
with  which  the  surface  of  the  spongioles  is  provided. 

This  last  circumstance  is  moreover  very  remarkable, 
when  we  consider  that  the  colouring  particles  pass  through 
the  close,  compact,  and  almost  stony  tissue  of  the  surface 
of  the  hardest  seeds ;  and  do  not  penetrate  leaves,  the 
tissue  of  which  is  so  loose,  and  furnished  with  pores, 
very  visible  under  the  microscope,  and  which  most 
assuredly  absorb,  at  least  in  certain  cases,  the  water  with 
which  they  may  be  in  contact.  This  example,  among 
many  others,  proves  to  us  how  even  the  most  delicate 
anatomy  is  far  from  making  us  acquainted  with  the  inti- 
mate nature  of  organized  tissues. 

We  must,  perhaps,  class  with  the  Spongioles,  the 
extremities  of  the  Tufts,  or  Root-like  Hairs,  which  are 
observed  in  several  lichens;  and  perhaps  also  the  ab- 
sorbing extremities  of  certain  Suckers — as,  for  example, 
in  the  Dodder.  These  are  points  to  be  cleared  up,  and 
which  I  leave  to  the  examination  of  anatomists.  As  for 
the  analogy  of  radical  hairs  with  the  spongioles,  we 
shall  speak  of  it  shortly. 

Suckers  (haustoria;  5^<fo^rsj  are  kinds  of  tubercles, 
which  spring  from  the  side  of  the  stem  of  some  para- 
sitical plants,  as  the  Dodder  (CuscutaJ  ;  and  are  destined 
for  the    purpose    of  absorbing  nourishment    from   the 

*  Kieser  asserts  that  the  colouring  particles  only  enter  into  the  roots 
when  their  extremities  are  cut  off:  I  know  that  in  this  case  their  absorp- 
tion is  much  easier  ;  but  I  have  seen  some  roots,  plunged  into  coloured 
water,  absorb  red  particles,  and  become  coloured  internally,  in  cases  where 
I  could  not  suppose  any  rupture  of  the  tissue  to  exist. 

g2 
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plants  to  wliich  they  adhere.  These  organs  are  found 
but  very  rarely,  and  I  even  doubt  if  they  exist  any- 
where but  in  the  Cuscutacese :  their  intiiuate  organ- 
ization has  not,  as  yet,  been  studied  with  care ;  they 
present  a  tubercle,  the  apex  of  which  is  hollow,  and  it 
is  by  this  cavity,  which  is  applied  to  the  bark  of  the 
plant  which  supports  the  Cuscuta,  that  the  nourishment 
penetrates  the  sucker. 

What  is  the  internal  structure  of  Suckers?  Are 
these  organs  analogous  to  Spongioles  ?  What  is  the 
mechanism  by  which  their  action  is  performed  ?  We 
are  completely  ignorant  upon  these  subjects;  and  I 
only  mention  them  here  for  the  purpose  of  calling  the 
attention  of  observers  to  them. 
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CHAPTER  VIII. 


OF  LENTICELS. 


GuETTARD  was  the  first  who  described,  under  the 
name  of  Lenticular  Glands  {glandes  lenticulaires),  the 
spots  which  are  observed  upon  the  rind  of  the  branches 
of  trees.  These  spots  are,  as  Vaucher  has  well  observed, 
at  first  oblong  in  a  longitudinal  direction,  then  round, 
and  afterwards  oblong  transversely;  they  sometimes 
present  a  flat  surface,  remarkable  because  the  cuticle 
appears  there  as  if  it  were  dried  up  ;  they  often  become 
convex,  and  frequently  finish  by  bursting.  Beneath 
the  cuticle  is  found  a  pulverulent  mass,  sometimes 
greenish,  at  others  whitish,  which  seems  composed  of 
the  cellules  of  the  cellular  envelope  disunited,  and  of 
the  form  of  oval  vesicles.  As  there  is  nothing  which 
announces  a  glandular  organization  in  these  organs, 
I  have  given  them  the  name  of  Lenticels  (len- 
ticellce;  lenticelles)  for  the  pui-pose  of  avoiding  a  hypo- 
thetical term — and,  nevertheless,  to  use  the  primitive 
name,  which  describes  their  form  pretty  well ;  and  to 
have,  at  the  same  time,  the  advantage  of  emplovino' 
a  simple,  instead  of  a  compound  terra.  Du  Petit- 
Thouars  gives   them  the  name  of  Cortical  Pores  (pores 
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curticaux),  but  these  organs  must  not  be  confounded 
with  the  Stomata,  which  are  Hkewise  called  Cortical 
Pores.  In  order  to  avoid  this  confusion,  it  seems  to 
me  more  advantageous  to  employ  a  distinct  name  for 
each  organ.  The  change  of  form  of  the  Lenticels  is  the 
most  remarkable  circumstance  which  they  present  at 
first  sight :  these  changes  are  especially  visible  in  trees 
the  bark  of  which  remains  a  long  time  smooth — as  the 
Cherry  and  Birch ;  the  Lenticels  are  here  seen  in  the  first 
year  oval  in  a  longitudal  direction,  very  small,  and 
scarcely  visible  ;  afterwards  the  distension  of  the  branch, 
by  its  increase  in  diameter,  renders  them  rounder  and 
larger;  in  proportion  as  the  distension  continues,  they 
become  more  oblong  transversely,  and  finish  by  forming 
kinds  of  horizontal,  and  often  very  distinct  lines:  on  the 
contrary,  when  the  bark  of  trees  is  cracked  or  split,  they 
disappear  very  rapidly.  In  Cineraria  prcecox,  which 
has  a  fleshy  bax'k,  the  lenticels  are  very  large,  and  preserve 
an  orbicular  form  during  the  whole  life  of  the  plant. 

These  organs  exist  in  the  bark  of  almost  all  Dicoty- 
ledonous trees,  except  the  ConiferEe,  Roses,  &c.  They 
are  generally  absent  in  herbaceous  Dicotyledons ;  Vau- 
cher,  however,  has  observed  them  in  Malva  sylvestris  and 
Samhucus  ehulus.  No  vestige  of  them  is  ever  found 
either  in  Monocotyledons  or  A  cotyledons.  It  is  from 
the  lenticels  that  the  roots  to  which  the  branches  give 
origin  arise,  either  naturally  in  the  air,  as  in  Rhus, 
Flcus,  &c.  (PI.  6.*)  or  when  they  are  produced  either  in 
\vater  or  a  moist  soil,  as  in  layers  and  cuttings.  When 
the  lenticels  have  been  removed,  and  most  probabl}^ 
when  they  are  wanting,  or  are  not  developed,  adventi- 
tious ones  are  formed  on  the  branches  under  favourable 
circumstances,  and  these  give  origin  to  roots  just  as  the 

*  This  represents  the  roots  proceeding  from  the  lenticels  of  Ficus  eiastica. 
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ordinary  ones.  We  may  therefore  say  with  reason,  that 
ihese  organs  are  the  root-buds ;  they  differ  from  the 
common  buds,  which  produce  branches  with  leaves  or 
flowers,  both  in  the  nature  of  their  productions,  and  in 
their  form  and  their  dispersion.  They  are  distinguished 
from  bulbs,  because  these  produce  at  the  same  time 
roots  and  leaves,  while  the  lenticels  only  give  origin  to 
roots.  They  do  not  absorb  any  thing  from  the  exterior, 
as  the  Spongioles  ;  and  do  not  appear  by  any  means 
destined  for  evaporation,  as  the  Stomata. 

Their  number,  size  and  appearance  vary  much  in 
different  trees,  and  often  even  in  the  species  of  the  same 
genus  ;  thus  the  Etwnymus  verrucosus  obtains  its  name 
from  its  lenticels  being  very  numerous  and  convex,  whilst 
in  the  other  species  they  are  almost  flat  and  widely 
dispersed. 

Circumstantial  details  of  these  organs  may  be  found 
in  two  memoirs  which  I  have  published  upon  the  sub- 
ject, in  the  Annates  des  Sciences  Naturelles  for  1826  and 
1827. 
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CHAPTER  IX. 


OF    GLANDS. 


The  word  Glanb  {glandula;  glande)  signifies,  in 
animal  anatomy,  a  secreting  organ,  that  is  to  say,  an 
organ  which  elaborates  a  common  nourishing  fluid,  a 
peculiar  juice  or  humour.  The  same  signification 
ought  to  be  preserved  in  the  anatomy  of  plants ;  but  it 
must  be  confessed,  that  in  these  modern  times,  botanists, 
guided  by  false  analogies,  have  given  this  name  to  very 
heterogeneous  organs,  several  of  which  have  not  the 
slightest  resemblance  to  glands.  At  the  commence- 
ment of  the  science,  the  smallest  tubercle  was  described 
under  the  name  of  Gland.  It  is  to  Guettard  that  we 
owe  the  most  complete  description  of  these  organs  ;  but 
it  must  also  be  acknowledged,  that  to  him  is  due  the 
greatest  part  of  the  errors  which  have  been,  since  his 
time,  repeated  by  all  authors.  He  has  also  given  the 
name  of  Scaly  Glands  {glandulce  squamosce ;  glandes 
Scailleuses)  to  the  little  scaly  pellicles  which  are  found 
upon  the  leaf  of  the  Fern,  which  are  nothing  more  than 
the  coverings  of  their  fructification. — (Vide  Book  III., 
Chap.  VI.,  Sect.  1.) 

The  same  author  has  applied  the  name  Miliary  Glands 
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{glandiilcB  miliar es ;    glandes  miliaires)  to  the  Stomata, 
which  we  have  described  in  one  of  the  preceding  chapters. 

Under  the  name  of  Globular  Glands  {glandiilce 
globulares ;  glandes  glohulaires)  some  have  described 
certain  spherical  bodies,  which  cover  the  inferior  surface 
of  the  leaves  of  some  of  the  Chenopodiacese — as  the  wild 
Orach — and  which  are  secreted  matters  analogous  to 
glaucous  powder  ;  others  have  applied  this  name  to  the 
little  spherical  globules  which  are  observed  upon  the 
leaves  of  the  Labiatas,  the  nature  of  which  is  not  well 
known. 

Vesicular  Glands  {glandulce  vesiculares ;  glandes 
vhiculaires)  are  vesicles  full  of  essential  oil,  situated  in 
the  leaves  of  the  Myrtle,  the  rind  of  the  Orange,  &c. 
We  do  not  know  if  these  are  true  glands,  or  simple 
reservoirs  of  a  fluid  secreted  by  some  neighbouring 
organ.  We  shall  revert  to  this  subject  when  we  speak 
of  the  Receptacles  of  Proper  Juices. 

Utricular  Glands  {glandulcB  utriculares ;  glandes 
utriculaires)  are  projecting  vesicles  full  of  limpid  alka- 
line fluid,  formed  upon  the  convexity  of  the  external 
cellules  ;  as,  for  example,  in  the  Ice-plant,  {Mesemhry- 
anthemum  crystallinum.)  We  shall  return  to  this 
article  when  speaking  of  Hairs. 

Lenticular  Glands  {glandulcB  lenticulares ;  glandes 
lenticul aires)  are  little  spots  which  are  found  upon  the 
branches  of  trees,  and  which  indicate  the  points  from 
whence  adventitious  roots  may  be  developed  under 
favourable  circumstances.  We  have  described  thera 
above  under  the  name  of  Lenticels. 

All  these  organs,  and  others  resembling  them,  most 
improperly  deserve  the  name  of  Glands,  which  we  intend 
to  reserve  for  the  following  : — 

1st.  Urceolate  Glands  {glandules  urceolares ;  glandes 
a   Godef)  are   little    fleshy,    often    concave,    tubercles, 
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which  commonly  eifuse  viscous  fluids.  They  are  found, 
for  example,  upon  the  petiole  of  the  Amygdaleae,  as 
the  Cherry.  These  organs  appear  to  be  true  excre- 
tory glands :  those  which  are  found  at  the  extremities  of 
the  notches  of  leaves,  although  often  different  in  their 
form,  do  not  appear  to  differ  from  these  in  their  nature. 
2d.  Nectariferous  Glands  {glandulce  nectari- 
ferce;  glandes  nectariferes)  are  organs  of  very  different 
forms,  which  exist  in  flowers,  and  most  frequently  exude 
a  honey-like  fluid :  these  are  true  glands,  which  we  shall 
describe  under  the  name  of  Nectaries. 

3d.  The  Glands  which  are  found  at  the  base  of  certain 
hairs,  as  in  the  Nettle. 

4th.  Those  which  are  situated  at  the  summit  of  some 
hairs,  as  in  the  Chick-pea.  We  shall  revert  to  these  two 
last  kinds  when  we  treat  of  Hairs. 

We  see,  from  this  rapid  enumeration,  how  much  neg- 
ligence there  has  been  in  the  study  of  glandular  or  glan- 
duliform  organs.  Mirbel  began  to  investigate  them  in 
a  manner  more  conformable  to  our  real  intention,  which 
is  the  anatomy  of  them ;  and  he  has  already  remarked, 
in  this  point  of  view,  two  kinds  of  Glands,  distinct  from 
each  other  in  their  structure. 

1st.  Cellular  Glands,  {glandulce  cellulares ; 
glandes  cellulaires),  which  are  formed  of  a  very  fine 
cellular  tissue,  and  have  no  communication  with  the 
vessels.  Most  of  them  distil  a  peculiar  fluid,  whence 
we  may  presume  that  they  are  excretory,  that  is  to  say, 
they  are  destined  to  carry  out  of  the  plant  an  excreted 
fluid ;  such  is  the  yellow  band  which  is  found  at  the 
bottom  of  the  calyx  of  Saxifraga  crassifoUa ;  tlie  glands 
which  surround  the  shorter  stamens  of  the  Wall-flower 
{Cheiravthus  Cheiri)  ;  those  which  are  placed  at  the  base 
of  the  Crown  Imperial,  &c. 

2d.  Vascular  Glands  (^/awc?M/^  t;<zscw/are5,-  glandes 
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vasculaires)  present,  as  the  preceding,  a  cellular  tissue 
of  a  coarse  texture,  but  traversed  in  different  directions 
by  vessels.  They  do  not  exude  a  particular  fluid :  this 
causes  us  to  think  that  they  are  recrementitial,  that  is 
to  say,  that  they  are  destined  to  prepare  a  particular 
fluid,  which  is  again  absorbed,  and  employed  in  the 
interior  of  the  body  of  the  plant ;  such  is,  for  example, 
the  thick  and  whitish  appendage  which  is  found  at  the 
bottom  of  the  flower  of  Cohcea. 

This  division  into  Cellular  Excretory  and  Vascular 
Secretory  Glands,  deserves  to  be  studied  in  a  greater 
number  of  plants  than  it  has  hitherto  been.  But  inde- 
pendently of  glands  visible  to  the  eye,  there  certainly 
exist  in  plants  a  great  number  of  points  or  glandular 
surfaces,  which  secrete  certain  fluids,  which  have  as  }'et 
escaped  our  anatomical  researches. 

To  complete  the  narrative  of  our  actual  knowledge 
with  regard  to  glands,  it  is  necessary  for  us  to  examine 
the  Hairs,  and  Reservoirs  of  Proper  Juices  ;  this  will 
form  the  subject  of  the  following  chapters. 
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CHAPTER  X. 


OF    HAIRS. 


Section  I. —  Of  Hairs  in  general. 

Under  the  common  name  of  Hairs  (j)ili,  villi;  poils) 
are  generally  described  all  those  little  soft  filiform  pro- 
ductions which  are  observed  upon  the  surface  of  plants, 
and  which,  in  fact,  greatly  resemble  the  hairs  of  animals 
in  their  form,  and,  in  some  respects,  in  their  structure 
and  history. 

The  Hairs  of  plants  are  entirely  prolongations  of  one 
or  several  cellules,  which,  by  their  projection,  are  pro- 
minent above  the  surface  ;  thus,  between  a  Vesicular 
Gland,  for  example,  and  a  Hair,  there  is  no  other  differ- 
ence than  the  peculiar  form  of  the  two  organs.  We 
ought  to  distinguish  several  classes  of  hairs,  which  only 
resemble  each  other  in  their  general  form,  but  differ 
much  in  their  use,  their  origin,  and  their  structure  :  in 
each  of  these  classes  we  may  range  several  kinds  of  hairs, 
which  have  received  particular  names  in  botanical  works. 
Guettard,  who  first  attentively  observed  them,  and  who, 
from  this  examination,  endeavoured  to  classify  plants, 
has  multiplied  the  terms  relating  to  these  organs  ;    and 
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although  they  are  for  the  most  part  of  little  importance, 
we  think  we  ought  to  give  them  rapidly,  because  they 
will  aiiord  us  an  opportunity  of  passing  in  review  the 
different  forms  of  hairs.  I  will  arrange  them  under 
these  general  classes,  viz. 

1st.  Glandular  Hairs. 

2d.  Lymphatic  or  Non-Glandular  Hairs. 

3d.  CoROLLiNE  Hairs. 

4th.  Scaly  Hairs. 

5th.  CiLi^. 

6tli.  Radical  Hairs. 


Section  11. 
Of  Glandular  Hairs. 

Glandular  Hairs  themselves  are  of  two  kinds — 
viz.  the  Glanduliferous  (pili  glanduliferi ;  2^oils 
glanduliferes ) ,  which  support  particular  little  glands  ; 
and  the  Excretory,  (pili  excretorii ;  poils  excretoires,) 
which  are  the  canals,  or  prolongations,  by  which  the 
fluid  contained  in  a  gland  is  evacuated. 

Under  the  name  of  Glanduliferous  Hairs,  we  may 
join  those  which  have  been  called — 1st,  Cupulate  Hairs, 
(pili  cwpulati ;  poils  a  cupules — PI.  o.  A) ;  these  are 
little  filaments  terminated  by  a  concave  gland,  for  exam- 
ple, in  the  Chick-pea,  where  this  gland  exudes  an  acid 
juice  ; — 2d,  Capitate  Hairs,  (pili  capitati;  poils  en  tite — 
PI.  3,  B) ;  these  are  simple  filaments  terminated  by  a 
glandular  spherical  swelling,  as  in  Dictamnus  alhus ; — 
3d,    Polycephalous   Hairs,   (pili   polycephali;  poils   a 
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plusieurs  tetes) ;  these  are  branching  filaments,  each 
branch  of  which  is  terminated  by  a  httle  glandular  head, 
as  we  see,  for  example,  in  Croton  penicillatum. 

Under  the  general  denomination  of  Excretory 
Hairs,  I  comprehend  the  excreting  canals  of  certain 
glands :  such  are,  for  example,  Stings,  or  Awl-sliaped 
Hairs,  fpili  suhulati ;  poils  en  aUne) ;  or  those  the 
gland  of  which  is  sessile  upon  the  part  which  bears  it, 
and  is  prolonged  into  a  tubular  and  sharp  process,  as  we 
see  in  the  Nettle,  (PL  3,  C.)  Of  this  kind,  also,  are  the 
Pili  Malpighiacei ;  Poils  en  navette  (PI.  3,  D),  the  glan- 
dular base  of  which  bears  a  horizontal  hair,  attached  by 
its  centre,  and  tubular  in  the  interior :  through  its  two 
extremities  it  gives  passage  to  a  fluid  enclosed  within 
it ;  this  is  what  takes  place  in  Malpighia  urens. 

It  is  worthy  of  remark — 1st,  that  in  all  the  glands 
provided  with  excretory  hairs,  the  fluid  which  they 
secrete  is  of  a  caustic  nature  ; — 2d,  that  this  fluid,  which 
never  flows  out  naturally,  is  only  directed  to  the  outlet 
which  is  prepared  for  it,  when  the  gland,  being  pressed 
by  a  foreign  body,  allows  it  to  escape :  it  then  follows 
the  course  of  the  excretory  canal,  which,  by  its  sharp 
extremity,  deposits  it  under  the  epidermis  of  the  animal 
which  happens  to  touch  it  imprudently.  This  organiza- 
tion is  exactly  analogous  to  the  structure  of  the  poison- 
fangs  of  serpents. 
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Section  III. 
Of  Lymphatic,  or  Non-glandular  Hairs. 

The  Non-glandular,  or,  as  they  are  frequently 
called,  Lymphatic  Hairs,  are  much  more  common  than 
the  preceding,  and  resemble  them  in  reality  only  m 
their  general  form.  They  are  filaments  projecting  from 
the  surface,  and  formed  of  one  or  several  cellules ;  they 
have,  as  yet,  only  been  classed  with  regard  to  their 
external  appearance,  their  consistence,  their  direction, 
or  their  form. 

Thus,  as  regards  their  consistence,  we  remark,  that 
some  are  very  tender,  others  very  rigid,  and  most  are  of 
all  the  intermediate  degrees.  With  regard  to  their 
direction,  some  are  vertical,  or  perpendicular,  to  the 
surface  from  which  they  spring ;  some  more  or  less  in- 
cKne  forwards ;  others  more  or  less  backwards ;  some 
are  perfectly  straight,  others  hooked  at  the  point ;  there 
are  several  which  are  contracted,  or  which  are  interwoven 
with  one  another.  As  to  their  form,  they  are  found 
as  cylinders,  and  very  cylindrically  elongated  cones. 
They  are  sometimes  seen  in  the  form  of  reversed  cones ; 
among  those  that  are  ramified,  they  are  found  forked, 
with  two,  three,  or  a  greater  number  of  branches ;  or 
starred  at  their  apex,  or  divided  at  their  base  into 
branches,  which  seem  as  so  many  distinct  hairs  reunited 
into  bundles,  having  a  common  base. 

I  have  enumerated  in  the  Glossology  all  the  different 
modifications  of  the  hairs,  and  the  differences  which  they 
cause  in  the  external  appearance  of  plants;  and  I  have 
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pointed  out  the  terms  by  which  they  are  designated ; 
but  it  is  now  proper  to  consider  them  with  regard  to 
Organography.  The  principal  differences  of  form  which 
deserve  to  be  mentioned,  are  the  following: — 

1st.  Simple  Hairs,  (PL  S,  E,)  or  those  formed  by  the 
elongation  of  a  single  cellule ;  they  have,  consequently, 
no  division  inside,  or  ramification:  these  are  the  most 
frequent  of  all  in  the  vegetable  kingdom,  and  are  com- 
monly cylindrico-conical,  or  conical,  and  very  variable 
in  their  length,  consistence,  direction,  and  number. 

2d.  Divided  f  cloisonnes)  Hairs,  (PI.  3,  F,)  or  those 
formed  of  several  cellules  placed  end  to  end  in  a  single 
row,  and  separated  by  partitions  more  or  less  visible : 
they  often  have  the  name  of  Articulated  Hairs  given  to 
them — a  term  evidently  incorrect,  since  there  is  not  in 
any  of  them  any  kind  of  articulation,  or  natural  point  of 
separation.  They  may  be  distinguished  according  as 
they  present  a  cylindrical  or  conical  appearance,  which 
takes  place  when  the  cellules  are  not  swollen  up;  or 
rough  and  strangulated,  or  moniliform,  (PI.  3,  G,)  which 
is  due  to  the  cellules  being  often  swollen  out  between 
the  partitions,  whence  results  their  necklace-like  ap- 
pearance. 

3d.  Branched  (rameux)  Hairs  are  formed  of  several 
cellules,  which,  instead  of  being  placed  end  to  end, 
diverge  in  different  directions.  We  know  that  these 
modes  of  ramifications  can  vary  much  without  the  nature 
of  the  hair  being  much  altered :  it  is  here  that  we  class 
the  forked  or  Y-shaped  hairs  of  Alyssum ;  the  trifurcated 
or  trifid  ones  of  several  Cruciferas ;  the  dichotomous  ones 
of  some  Cruciferae ;  the  Pili  Malpighiacii,  (poils  en 
navette,)  or  those  which,  divided  at  their  base  into  two 
branches,  spread  upon  the  surface  of  the  leaf,  and 
directed  in  a  single  line,  seem  Hke  little  shuttles  placed 
horizontally,    as    is    seen   in   Astragalus   asper ;    those 
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radiating  at  the  apex ;  those  which  ramify  at  the  base,  and 
appear  in  bundles,  as  in  the  Marsh-mallow,  (pi.  3,  H. ) ; 
the  brush-shaped  (en  goupillon,)  which  are  knotted 
hairs,  each  knot  of  which  produces  a  whorl  of  hairs, 
as  in  Phlomis ;  and,  lastly,  shield-shaped,  (en  ecusson,) 
which  are  hairs  radiating  from  a  common  base,  and  all 
united  together  in  a  horizontal  disk  attached  by  its 
centre,  as  in  Elcsagmis,  (pi.  3,  I.) 

4th.  Needle-shaped,  (aculeiformes.)  I  describe 
under  this  name  hairs  which,  instead  of  being  formed  of 
a  simple  series  of  cellules,  are  formed  of  several  agglo- 
merated, as  in  cellular  tissue ;  and  the  union  of  which, 
projecting  from  th^  surface,  has  the  general  form  of  a 
hair.  These  organs  are  usually  thicker  than  common 
Lymphatic  Hairs  ;  and  several  of  them  have  a  tendency 
to  blend  either  with  the  glanduliferous,  or  with  stings. 
There  is  not  even  any  precise  character  by  which  they 
may  be  distinguished,  unless  it  be  their  softness,  com- 
pared with  the  stiffness  of  stings ;  but  as  this  character 
admits  of  all  intermediate  degrees,  it  is  really  impossible 
to  distinguish  with  precision  the  needle-shaped  hairs 
from  true  stings. 

Lymphatic  Hairs  only  arise  from  the  parts  of  plants 
exposed  to  the  air ;  thus,  they  are  not  found  either  upon 
true  roots,  except  at  the  moment  of  germination,  or  upon 
the  portions  of  stems  or  branches  buried  under  ground, 
or  in  any  of  the  parts  ot  plants  which  grow  under  water. 
They  are  frequently  found  upon  young  stems  or  branches, 
and  sometimes  they  remain  even  upon  the  trunk ;  they 
are  common  upon  leaves,  stipules,  and  the  calyx, 
especially  upon  their  inferior  surface;  they  are  rarely 
found  upon  the  superior  part  when  not  upon  the  infe- 
rior. This,  however,  is  observed  upon  the  seminal  leaves 
■of  the  Nettle,  and  upon  the  common  ones  of  Passerina 
hirsuta.   Sec.      They  are  found  also  upon  the  petioles 
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and  peduncles,  upon  the  external  surface  of  pericarps, 
but  very  rarely  on  the  internal ;  the  valves,  however, 
of  the  fruit  of  Jacksonia  afford  an  example  of  this. 
The  Hairs  of  Seeds  ought  rather  to  be  placed  in  the  class 
of  Scaly  Hairs.  Some  corollas  bear  lymphatic  hairs,  and 
others  have  corolline  ones. 

The  general  position  of  Lymphatic  Hairs,  then,  upon 
parts  exposed  to  the  air,  proves  that  the  use  of  these 
organs  is  connected  with  the  atmosphere. 

They  are  in  general  rare  in  plants  which  grow  in  the 
shade,  or  in  rich  and  moist  places ;  and  are  completely 
absent  in  those  which  are  etiolated,  or  have  been  grown 
in  the  dark :  on  the  contrary,  they  are  more  abundant, 
generally,  in  those  vv^hich  grow  in  warm  and  dry  places, 
much  exposed  to  the  sun. 

From  these  facts  it  has  been  generally  concluded,  that 
the  Lymphatic  Hairs  are  evaporating  organs;  for  they  are 
found  in  small  quantity  in  plants  which  evaporate  little, 
and  in  great  abundance  in  those  which  evaporate  much. 
I  confess  that  I  am  led  to  draw  a  contrary  conclusion, 
and  to  believe  that  the  hairs  are  natural  obstacles  to 
evaporation,  because  they  defend  the  parenchymatous 
parts  from  the  action  of  the  solar  light,  which  is  the 
chief  agent  of  evaporation.  We  know,  therefore,  the 
reason  why  they  are  wanting  in  plants,  or  parts  of  plants, 
which  are  placed  in  circumstances  little  favourable  to 
evaporation ;  such  as  those  which  are  etiolated,  and  also 
those  that  are  succulent  and  aquatic,  which  have  few  or 
no  stomata ;  or  those  growing  in  shady  places  which  im- 
perfectly receive  the  action  of  the  sun.  On  the  con- 
trary, they  are  very  abundant  in  plants  exposed  to  the 
full  solar  action,  and  which  would  be  dried  up  by  a  too 
powerful  evaporation. 

I  am  confirmed  in  this  opinion  by  comparing  the  Hairs 
with   the  Stomata;    these   two  organs,  although   they 
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appear  sometimes  mingled,  have  each  a  fixed  place:  the 
latter  exist  upon  the  parenchjnna,  and  assist  in  the 
evaporation  ;  the  former  constantly  spring  from  the  veins 
or  their  ramifications :  but  the  veins  are  the  parts  which 
least  assist  in  the  evaporation;  and,  consequently,  it  is 
not  likely  that  the  hairs,  which  invariably  arise  from 
them,  serve  for  this  purpose ;  we  know,  on  the  contrary, 
that  tlie  hairs,  when  they  are  long  or  abundant,  cover 
the  stomata  of  the  parenchyma,  shade  them  from  the 
action  of  the  solar  light,  and  tend  also  to  diminish  its 
action  when  it  is  too  intense.  Thus  we  have  the  reason 
for  a  circumstance  which  appears  singular — \iz.  that  the 
hairs  are  almost  always  placed  in  plants  upon  the  same 
surfaces  which  bear  the  stomata ;  thus,  the  upper  surface 
of  leaves,  which  most  frequently  have  no  stomata,  have, 
in  general,  few  or  no  hairs;  whilst  they  are  usually 
abundant  on  the  inferior  surface,  where  the  evaporating 
organs  are.  It  would,  moreover,  be  extraordinary  to 
attribute  the  same  use  to  two  such  different  org-ans — ^to 
Stomata  and  Hairs:  and,  lastly,  the  other  accessory 
offices  which  the  hairs  perform,  are  all  referable  to  the 
protection  of  vegetable  surfaces  from  atmospherical 
inclemency. 

In  several  cases,  the  Lymphatic  Hairs  serve  to  protect 
delicate  organs  from  the  coldness  of  the  air :  we  remark 
this  very  e\ddently  in  the  thick  down  which  is  found  on 
young  leaves  when  they  are  enclosed  in  the  buds,  or  when 
they  are  just  about  to  burst  forth.  Any  one  can  satisfy 
himself  upon  this  point  by  inspecting  a  bud  of  the 
Horse-chestnut :  these  soft,  long,  and  curled  hairs  retain 
the  air  enclosed  around  these  delicate  organs,  and  prevent 
the  access  of  the  external  temperature,  exactly  as  the  fur 
of  animals  ;  they  fall  off  or  are  destroyed  usually  when 
the  organs  have  gained  more  consistence,  or  when  they 
have  passed  the  critical  season.    We  are  acquainted  with 
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a  multitude  of  examples  of  organs  which  are  downy  in- 
their  infancy,  and  which  become  even  smooth  in  their 
adult  state. 

We  cannot  deny  that  hairs  are,  in  several  cases,  a 
shelter  from  external  moisture :  thus,  when  we  plunge 
into  water  the  leaves  of  the  Raspberry,  for  example,  we 
see  that  the  inferior  surface,  thickly  covered  with  very 
small  hairs,  comes  out  of  it  without  being  wetted, 
because  these  small  hairs  retain  upon  the  leaf  a  stratum 
of  air  which  protects  it  from  the  immediate  contact  of 
the  water.  Most  downy  surfaces  present  this  pheno- 
menon in  a  more  or  less  distinct  degree.  It  is  remarkable 
that  most  smooth  surfaces  have  some  other  means  of 
protection  against  wet — as,  for  example,  being  covered 
with  a  glaucous  powder,  or  wax,  or  slimy,  oily,  or  \dscid 
substances  not  miscible  with  water. 

Lastly,  there  are  cases  where  hairs  evidently  serve  for 
protection  either  against  insects  or  wet;  thus,  for 
example,  the  calyx  of  the  Labiatae,  which  is  not  closed 
after  flowering,  presents  in  the  interior  little  hairs 
lying  down,  or  with  difficulty  visible,  during  the  time  of 
flowering,  which  are  raised  up  or  elongated  afterwards 
in  such  a  manner  as  to  close  the  orifice  of  the  tube,  and 
defend  its  aperture  either  from  insects  or  rain.  One 
would  be  inclined  to  believe  that  the  stiff"  bristly  hairs 
which  are  found  on  several  plants,  are  their  defence 
against  insects ;  and  the  analogy  of  certain  hairs  with 
stings  tends  also  to  confirm  it. 

The  hairs  of  plants,  then,  are  decidedly  like  those  of 
animals — the  protecting  organs  of  the  surfaces  upon 
which  they  are  developed.  They  protect  them  either 
against  an  excess  of  solar  light,  the  variations  of  the 
temperature,  wet,  or  sometimes  against  insects.  I 
know  that  in  each  particular  case  it  is  not  always 
easy    to    assign  the  function  of   the  hairs ;    I    believe. 
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however,  that  the  general  theory  can  be  but  little 
doubted. 

The  diversity  of  form  in  hairs,  which  is  sometimes 
met  with  upon  the  same  surface,  is  probably  connected 
with  their  different  uses:  thus  it  is  possible  that  some 
serve  as  a  defence  against  insects,  and  others  against  wet, 
or  the  too  intense  action  of  the  light. 

The  difference  in  hardness  ought  probably  to  be  also 
assigned  to  the  same  cause :  thus  there  are  some  hairs 
which  are  destroyed  or  fall  off  early ;  such  are  those  of 
the  buds  of  which  I  have  before  spoken,  and  which  are 
destined  to  protect  the  young  shoots  from  cold  and 
damp.  In  general,  the  hairs  spring  from  the  veins  of 
stems  or  leaves  at  the  time  of  their  first  development ; 
whence  it  results,  that,  by  the  gradual  increase  in  size 
of  these  organs,  the  hairs  have  a  tendency  to  separate 
from  one  another,  without  their  total  number  however 
being  diminished:  thus  it  is  not  rare  to  see  leaves  or 
ovaries,  which  in  their  infancy  are  entirely  covered  with 
very  thick-set  hairs,  appear  in  their  adult  state  only  to 
have  a  small  number,  because  the  increase  of  the  surface 
in  all  directions  has  caused  them  to  separate  from  one 
another.  The  reverse  phenomenon  is  also  met  with, 
though  very  rarely.  I  have  already  spoken  of  the  hairs 
which  are  developed  in  the  calyx  of  the  Labiatae  after 
flowering ;  there  is  another  curious  example  of  this  late 
development  of  them,  which  has  been  pointed  out  to 
me  by  M.  Deleuze  :  the  panicle  of  the  Sumach  (Rhus 
cotinus)  is  almost  entirely  smooth  during  flowering;  after 
this  period,  those  pedicel  wliich  bear  fruit  still  remain 
smooth  or  scarcely  pubescent,  whilst  those  the  fruit  of 
which  is  abortive  (and  this  happens  in  the  greatest 
number)  have  a  considerable  quantity  of  hairs  developed 
on  them,  so  as  to  give  them  a  bristly  appearance,  whence 
gardeners  have  given  this  shrub  the  name  of  the  Arhre 
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d  perruque  :  perhaps  the  sap  destined  to  nourish  the 
fruit,  not  finding  any  office  to  perform  when  these  have 
failed,  produces  this  extraordinary  development  of 
hairs. 

Some  filaments  of  stamens — those  of  Verbascum, 
Tradescardia,  &c.  for  instance — also  become  hairy  when 
the  anthers  are  abortive,  and  probably  from  the  same 
cause. 

In  the  examples  which  I  have  quoted,  it  seems  that 
hairs  owe  their  development  to  a  great  abundance  of 
nourishment ;  whilst  in  the  greater  number  of  cases  it 
appears  that  too  great  an  iibundance  of  nutriment  tends 
to  diminish  the  number;  thus  the  plants  cultivated  in 
fertile  land  have  less  than  those  in  sterile  :  in  this  case 
is  all  the  sap  carried  entirely  to  the  development  of 
buds,  or  of  the  parenchyma,  and  not  for  the  formation 
of  hairs? 


Section  IV. 
Of  Corolline  Hairs. 

I  designate  under  this  name  the  hairs  which  are 
found  upon  petals,  and  upon  perigones,  stamens,  and 
styles  when  they  are  of  a  petaloid  nature ;  thus  we  find 
upon  the  corolla  of  Menyanthes,  and  upon  those  of  the 
Cucurbitaceae,  and  a  multitude  of  other  plants,  coloured 
hairs  evidently  similar  to  the  nature  of  the  petals. 
These  present  almost  all  the  forms  which  are  found  in 
lymphatic  hairs ;  thus  they  are  seen  Simple,  Di\dded, 
Branclied  and  Needle-shaped ;  but  we  cannot,  however, 
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confound  them  with  true  lymphatic  hairs,  which  some- 
times exist  upon  the  same  organs:  thus  certain  standards 
of  the  Leguminos«,  or  certain  corollas  of  tlie  Campanu- 
lace^e,  present  hairs  which  appear  like  ordinary  ones, 
whilst  the  stamens  of  Verhascum  and  Tradescantia 
have  them  very  different.  The  function  and  use  of 
Corolline  Hairs,  are  still  more  difficult  to  determine  than 
those  of  the  Lymphatic,  and  all  their  history  is  at  present 
very  obscure.  I  only  mention  them  to  draw  the  atten- 
tion of  observers  to  them. 


Section  V. 

Of  Scaly  Hairs, 

Under  the  name  of  Scaly  Hairs  I  here  designate 
a  particular  kind,  of  a  dry  and  scaly  nature,  which,  in 
different  parts  of  living  plants,  are  presented  in  a  dead 
or  atrophied  state,  and  which  hardly  enjoy  more  than 
the  hygroscopic  property  inherent  in  vegetable  tissue  : 
this  property  is  so  much  the  more  perceptible,  the  more 
completely  the  hairs  are  devoid  of  sap.  Of  this  kind 
are  the  hairs,  expanded  into  scales,  which  are  found 
upon  the  petioles  of  the  Fern ;  those  which  compose  the 
pappus  of  the  Compositae,  Dipsaceae  and  Valerianeae  ; 
the  tufts  which  grow  upon  the  glumes  of  grasses,  or 
those  which  surround  the  fruit  of  Erio'plwrum ;  the  long 
hair  which  arises  from  the  seeds  of  the  Onagrarise,  and 
of  several  Apocineas ;  the  hairs  wliich  cover  the  seeds  of 
the  Cotton-plant  {Gossypium),  and  those  of  Bombay, 
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All  these  hairs  are  more  or  less  like  the  lymphatic 
in  their  form,  but  they  differ  in  their  origin,  and  seem 
to  be  simple  strips  of  an  atrophied  membranous  surface  ; 
thus,  the  hairs  of  the  pappus  are  evidently  the  rudiments 
of  their  calyx,  and  the  tufts  which  crown  several 
seeds,  are  like  the  membranes  which  border  them  in 
analogous  plants.  Each  of  these  kinds  of  hairs  will  be 
spoken  of  more  in  detail  when  we  treat  of  the  general 
organ  of  which  they  form  part. 

I  mention  these  Scaly  Hairs  here  only  for  the  purpose 
of  remarking,  that  although  in  some  cases  they  may 
serve,  like  the  Lymphatic  Hairs,  to  protect  certain 
delicate  organs  from  cold^  insects,  wet,  or  the  too  strong 
action  of  light,  they  have  in  general  an  entirely  peculiar 
function,  determined  by  their  hygroscopic  faculty  :  thus 
the  hairs  of  the  pappus  of  Compositag  remain  upright 
as  long  as  they  are  moist,  and  have  a  tendency  to  fall  in 
proportion  as  they  become  dry ;  in  falling,  they  lean  either 
upon  the  involucrum  or  upon  the  neighbouring  flowers  ; 
and  not  being  able  to  separate  them,  they  re-act  upon  the 
fruit  to  which  they  are  attached,  and  raise  it  out  of  the  in- 
volucrum ;  then  the  least  wind  which  happens  to  blow  on 
the  kind  of  network  formed  by  the  radiating  hairs  of  the 
pappus,  lifts  it  up  and  carries  it  away  with  the  fruits. 

These  hairs,  then,  are  found  to  serve  eminently  for 
the  dispersion  of  the  monospermous  fruits  of  the  Com- 
posita? :  it  is  also  remarked  that  where  they  are  absent, 
there  always  exists  some  other  circumstance  in  the 
organization  which  supplies  their  place  ;  sometimes,  as 
in  Anthemis,  the  receptacle  rises  in  the  centre,  and 
pushes  the  fruit  out ;  sometimes,  as  in  Chrysanthemum, 
the  scales  of  the  involucrum  fall  when  mature ;  at 
others,  as  in  Carpesium,  the  head  of  flowers  leans  over 
when  the  fruits  are  ripe,  in  such  a  manner  that  they  fall 
out  by  their  own  weight,  &c. 
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The  Dipsaceae,  furnished  with  a  pappus,  and  the 
Gramineae  and  Cyperace^,  provided  with  beards,  &c. 
present  similar  phenomena.  The  plumes  which  crown 
a  great  number  of  seeds  enjoy  properties  of  the  same 
kind,  and  serve  by  their  separation  to  make  the  seeds 
fall  out  of  the  pericarp,  and  favour  their  dispersion  by 
the  air ;  of  this  kind  are  those  of  £pilobium,  the 
Apocinege,  &c. 

These  examples,  which  could  be  easily  multiplied, 
tend  to  prove  that  Scaly  Hairs  enjoy  very  decided 
hygroscopic  properties,  by  which  means  they  perform 
certain  offices  necessary  for  the  dispersion  of  seeds. 


Section  VI. 
Oj   Cilice,  Bristles,  ^'c. 

Under  the  name  of  Cili^,  are  described  the  hairs 
whicli  spring,  not  from  any  surface,  but  from  the  border 
of  that  surface,  in  such  a  manner  that  they  do  not  arise 
either  from  the  superior  or  inferior  face  of  a  membrane, 
but  are  on  the  same  level  with  them.  They  put  on  all 
the  appearances  of  Hairs;  thus  some  are  Glandular, 
some  Lymphatic,  others  CoroUine.  Tn  general,  their 
presence  is  more  regular  and  constant  in  the  species 
which  are  furnished  with  them,  than  that  of  Hairs 
properly  so  called.  Most  are  of  a  little  stiffer  nature 
than  hairs,  and  several  are  confounded  by  their  texture 
with  stings,  spines,  or  even  with  the  indentations  of 
leaves.     Their  use  appears  to  be  only  to  protect  the  leaf 
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from  tlie  attacks  of  insects ;  but  even  this  use  is  not  pre- 
sented in  a  sufficiently  evident  manner. 

When  the  leaves  or  their  lobes  only  bear  a  hair-like 
appendage,  this  receives  the  name  of  Bristle  (seta; 
sole)  when  it  is  truly  a  hair,  as  in  Papaver  setigeriim, 
or  Chenopodium  setigerum,  which  receive  their  name 
from  it.  When  the  appendage  is  short,  or  a  little  thick, 
or  has  somewhat  the  appearance  of  a  sting  or  spine,  the 
name  of  Mucro  (mucrone)  is  applied  to  it:  we  see 
this  particularly  in  all  the  Menispermeae,  and  a  multi- 
tude of  other  plants. 


Section  VII. 

Of  Radical  Hairs. 

All  the  kinds  of  hairs  of  which  we  have  spoken 
grow  upon  the  stems,  leaves,  and  in  general  upon  all 
the  organs  of  plants  which  are  above  the  neck,  and 
which  form  part  of  the  ascending  vegetation ;  but  the 
roots  also  have  a  kind  of  hairs ;  these  are  very  small, 
extraordinarily  fugacious  filaments,  wliich  are  produced 
especially  during  the  first  infancy  of  the  plant,  upon 
those  roots  which  are  exposed  to  the  air.  Carradori, 
who  has  well  observed  these  organs,  has  remarked  that 
they  never  arise  from  roots  sunk  in  water,  nor  on  the 
parts  of  them  which  this  liquid  surromids;  that  they 
are  developed  especially  upon  roots  exposed  to  a  moist 
air,  and  that  darkness  is  very  favourable  to  their  growth. 
These  filaments  resemble  true  Hairs  in  their  form  and 
anatomical  structure,  but  their  use  may  be  ver}'  different, 
and  resemble  that  of  the  Spongioles.  Carradori  con- 
siders them  as  organs  destined  to  absorb  the  moisture  of 
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the  air,  as  the  spongioles  absorb  water  ;  and  the  opmion 
appears  very  likely.  Ought  these  hairs  to  be  confounded 
with  the  fibrilles  ?  *  I  am  still  in  doubt ;  and  it  must  be 
confessed,  at  least,  that  if  the  fibrilles  of  roots  are  kinds 
of  hairs,  as  Kieser  says,  they  differ  from  those  which 
I  here  designate,  in  their  longer  duration,  their  firmer 
texture,  and  perhaps  in  the  faculty  of  one  day  becoming 
branches  of  the  root ;  whilst  the  Radical  Hairs  are  very 
fugitive  and  soft,  and  never  appear  to  be  transformed 
into  branches.  This  subject,  which  has  scarcely  been 
studied,  merits  the  examination  of  observers.  I  will 
add,  also,  that  the  hairs  which  are  found  at  the  base  of 
several  fleshy  Fungi  are  very  nearly  allied  to  the  Radical 
Hairs  of  vascular  plants. 


CHxiPTER  XL 

OF    THE    RECEPTACLES    OF    PROPER    JUICES. 


Under  the  name  of  Proper  Juices  (sues  propres) 
have  been  for  a  long  time  described  those  coloured  fluids 
of  a  peculiar  nature  which  are  found  in  certain  plants ; 
and  the  vessels  in  which  they  are  stored  up  have  been 
called  Proper  Vessels  (vaisseaux  propres).  They 
were  so  compared  to  true  vessels,  that  it  is  only  within 
these  few  years  past  that  they  have  been  studied  with 
any  care.  We  will  speak  of  the  Juices  when  we  treat 
of  the  Secretions  of  Plants :  we  are  now  only  about  to 
describe  the  form  of  the  vessels  which  contain  them. 

*  French  Clievelu. 
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It  appears  from  tlie  admirable  observations  of  Bern- 
hardi,  Mirbel,  and  Treviranus,  npon  this  subject,  that  the 
Proper  Juices  have  no  perceptible  motion,  and  that  they 
only  come  out  of  the  plant  when  the  envelopes  which 
shut  them  up  are  broken.  These  envelopes  are,  in 
general,  thicker  and  firmer  than  those  of  Lymphatic 
Vessels ;  they  are  always  devoid  of  every  kind  of  dots  or 
rings,  so  that  they  are  easily  known  by  this  character 
when  they  are  beheld  under  the  microscope.  They  are 
better  distinguished  by  their  generally  being  of  a  larger 
diameter  than  true  vessels,  and  especially  in  not  having 
such  regular  forms,  and  from  the  walls  which  enclose 
them  not  appearing  to  belong  to  them :  it  seems,  as 
Grew  has  indicated,  that  the  Proper  Juices,  secreted 
in  certain  parts  by  glands  or  membranes  as  yet 
unknown,  are  deposited  in  the  neighbouring  cellular 
tissue,  distending  or  breaking  it ;  and  there  form  round 
or  elongated  cavities,  which  have  a  vascular  appearance, 
but  which,  as  is  seen,  differ  entirely  from  vessels :  by 
this  hypothesis,  they  would  be  true  cystous  sacs,  very 
analogous,  for  instance,  to  those  which  form  encysted 
aneurisms  in  animals. 

Link  has  given  them  the  name  of  Receptacles 
OF  Proper  Juice  (receptacula  sued  jjrojpriij, 
which  exactly  suits  them,  and  which  ought  to  be 
adopted  in  order  to  separate  these  organs  from  true 
vessels. 

In  considering  the  different  forms  which  the  Re- 
ceptacles of  Proper  Juices  present,  we  may  arrange 
them  in  several  classes : — 

1st.  Vesicular  Receptacles  (reservoirs  vesicu- 
laires),  which  are  those  which  authors  have  called 
Vesicular  Glands ;  that  is  to  say,  those  nearly  spherical 
vesicles  situated  in  the  tissue  of  leaves, — as  we  see  in 
the   Myrtle,   or  the    rind   of   the  Orange,  &c.     These 
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vesicles  are  sometimes  slightly  elongated,  either  when 
they  are  found  in  parts  where  the  cellular  tissue  is 
elongated,  or  perhaps  when  two  of  the  round  cavities  are 
united.  These  oblong  vesicular  glands  are  very  fre- 
quently found  in  the  leaves  of  the  Samydeae :  whatever 
be  their  form,  their  juice  never  flows  out  unless  the 
envelope  is  broken.  This  effusion  of  the  juice  is  very 
visible  in  the  leaves  of  Schinus  molle :  when  cut  into 
fragments  and  placed  into  water,  their  juice  escapes  in 
intennittent  jets,  which  strike  the  water  and  cause  the 
leaf  to  recoil.  The  vesicular  receptacles  contain  volatile 
and  aromatic  oily  juices. 

2d.  Closed  Receptacles  (reservoirs  en  ccecum)  are 
kinds  of  short  tubes,  perfectl}'  closed  at  one  of  their 
extremities ;  such  are,  for  example,  the  little  channels 
full  of  volatile  oil,  which  are  obsen^ed  upon  the  fruit  of 
Umbelliferffi,  and  which,  commencing  at  the  summit, 
extend,  in  different  species,  to  a  third,  half,  or  three 
quarters  of  the  length  of  the  fruit. 

3d.  Tubular  Receptacles  (reservoirs  tubuleuxj, 
described  by  Mirbel  under  the  nam.e  of  Solitary 
Proper  Vessels  (vaisseaux  propres  solitaires).  These 
are  tubes  of  indefinite  length,  solitary  in  the  midst  of  a 
mass  of  cellular  tissue.  Grew  has  observed  them  very 
well ;  he  has  figured  those  of  the  Pine  under  the  name 
of  Turpentine  Vessels,  and  those  of  the  Sumach  under 
that  of  Milk  Vessels.  Their  walls  are  usually  formed 
of  a  very  close  and  compact  cellular  tissue,  as  Mirbel 
has  seen  in  the  tortuous  reservoirs  of  Pinus  strobus. 
The  interior  of  these  is  sometimes  itself  filled,  at  their 
first  development,  with  a  cellular  tissue,  which  is  after- 
wards destroyed. 

4th.  Fasciculated  Receptacles,  or  Fasciculated 
PropeFv  Vessels  (reservoirs  fasciculaires,  ou  vaisseaux 
propres  fasciculaires),   discovered  by  Mirbel.      These 
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are  bundles  of  little  parallel  tubes,  or  very  elongated 
cellules,  which  contain  a  proper  juice :  it  is  in  organs 
of  this  kind  that  the  proper  juices  of  the  Apocineae 
are  stored  up  ;  the  fibres  of  the  bark  of  the  Hemp  are 
only  bundles  of  fasciculated  reservoirs. 

5th.  Accidental  Receptacles  (rSservoirs  acci- 
dentels).  I  have  united  under  this  name  the  cavities 
which  are  found  full  of  proper  juice  without  any  regu- 
larity, and  which  become  receptacles  of  proper  juice 
without  their  having  been  originally  destined  for  this 
purpose  :  it  is  thus  that  the  proper  juices  often  filter 
into  the  lymphatic  vessels  of  the  Coniferas,  into  the 
cellulles  of  the  pith  of  certain  Euphorbiaceae,  &c. 

The  details  into  which  I  have  entered,  prove  what  I 
have  before  advanced — that  the  proper  juices  have  not 
in  reality  an  organ  specially  destined  to  contain  them ; 
they  are  lodged  in  the  cavities  contiguous  to  them,  which 
are  formed  into  kinds  of  sacs  of  a  membranous  or 
fibrous  appearance.  Those  who  admit  the  existence  of 
intercellular  passages,  regard  the  receptacles  of  proper 
juices  as  formed  by  the  distension  of  these  canals,  and 
the  compression  of  the  neighboui-ing  cellules :  those 
who  deny  their  existence  are  obliged  to  admit  the 
rupture  and  disorganization  of  the  tissue,  in  order  to 
produce  the  formation  of  the  cavity  destined  to  contain 
these  juices.  The  first  opinion  is  more  easy  to 
comprehend  in  its  anatomical  relation;  but,  entirely 
giving  it  the  preference,  I  do  not  deny  that  it  can 
scarcely  be  understood  in  this  theory,  why,  in  a  great 
number  of  cases,  the  Receptacles  are  terminated  so 
cleanly. 

The  Receptacles  of  Proper  Juices,  like  the  juices 
themselves,  are  found  in  several  families  of  Dicotyle- 
dons, as  the  Guttiferas,  Hypericineae,  Chicoraceffi, 
Euphorbiacefe,     Myrtacefe,     Apocinca?,     Artocarpcae, 
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Coniferee,  &c.  They  have  not  as  yet  been  observed 
with  certainty  either  in  Monocotyledons  or  Acotyle- 
dons. 

The  different  Receptacles  are  generally  placed  in  the 
cellular  tissue  of  the  bark,  and  consequently  are  con- 
tinually thrown  towards  tlie  surface  by  the  distension 
produced  by  the  growth  of  the  wood  ;  whence  it  results, 
that  they  are  often  wanting  in  ver}--  old  bark :  these 
are  the  cortical  receptacles  which  Hill  has  described 
under  the  name  of  Vaisseaux  Propres  Extirieiirs ;  but 
under  the  denomination  of  Vaisseaux  Propres  Tnterieio's 
et  Intimes  he  describes  indifferently  very  dissimilar 
organs,  where  the  proper  juice  is  sometimes  lodged, 
and  situated  in  the  wood  and  pith.  The  true  Proper 
Juices  appear  to  be  entirely  secreted  in  the  green,  and 
consequently  external,  part  of  plants. 


CHAPTER  XII. 


OF    THE    AIR    CAVITIES. 


We  have  seen  that  the  cellular  tissue  is  sometimes 
distended  so  as  to  form  cavities  where  the  Proper  Juices 
are  lodged ;  and  this  distension,  caused  by  a  known  and 
visible  agent,  offers  no  difficulty;  but  it  also  often 
happens,  as  a  necessary  consequence  of  the  increase  in 
size  and  of  growth,  that  the  cellular  tissue  is  distended 
or  broken  so  as  to  form  spaces,  or  rather  cavities,  full  of 
air.  Grew  first  observed  this  phenomenon,  and  its 
analogy  with  the  formation  of  the  Receptacles  of  Proper 
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Juice.  Mirbel,  who  has  called  the  attention  of  anato- 
mists to  these  cavities,  and  has  described  them  with  care, 
has  designated  them  by  the  general  name  of  Lacunce. 
Rudolphi,  who  considers  them  as  special  organs, 
calls  them,  for  this  reason,  Vaisseaux  Pneumatiques. 
Link  designates  very  well  their  origin  and  uses,  in 
giving  them  the  name  of  Accidental  Receptacles  of  Air. 
Kieser  gives  them  the  name  of  Cellules  cVAir.  A  long 
time  since  I  adopted  the  name  of  Air  Cavities 
(cavitates  aereee ;  cavites  aeriennesj,  which  appears  to 
me  more  exact  and  suitable  than  those  hitherto  pro- 
posed. 

If  we  examine,  at  its  first  development,  the  interior 
of  the  stem  of  a  grass,  for  instance,  we  remark  that  it  is 
full  of  a  dilated  but  regular  cellular  tissue,  continuous 
throughout  all  its  parts  :  after  a  certain  time,  and  when 
the  stem  increases  transversely,  this  cellular  tissue,  not 
being  able  to  be  distended  beyond  a  certain  limit,  is 
broken,  and  forms  in  the  interval  between  each  knot  a 
central  tubular  cavity,  full  of  air,  which  appears  lined 
with  a  dry  membrane,  which  is  nothing  but  a  false 
membrane  formed  by  the  remains  of  the  cellular  tissue. 

When  we  examine  in  the  same  manner  the  pith  of  the 
Walnut,  we  see  that  in  its  infancy  it  presents  a  regular 
cellular  tissue  full  of  watery  juice;  after  a  little  while 
this  juice  is  absorbed  by  the  development  of  the 
branch,  the  pith  becomes  dry,  the  branch  elongates, 
and  the  dried  pith  is  thus  broken  into  little  transverse 
disks,  which  leave  between  them  disciform  air  cavities. 
The  pith  of  the  White  Jessamine  (Jasminum  officinale) 
presents  in  the  same  manner  very  regular  disks. 

The  same  phenomenon  takes  place  very  frequently, 
but  with  less  regularity,  in  aquatic  plants,  the  tissue  of 
which  is  loose,  and  the  growth  very  rapid ;  we  observe 
in  their  stems,  petioles,  and  peduncles,  air  cavities  often 
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very  numerous,  and  the  form  of  which  is  nearly  constant 
in  each  species  ;  because,  although  it  he  an  accident,  it  is 
one  caused  by  the  structure  and  growth  of  the  species. 
In  certain  species  these  cavities  are,  as  we  have  seen, 
large  enough  to  be  visible  to  the  naked  eye ;  at  other 
times  they  are  so  small,  that  they  can  only  be  perceived 
with  a  lens  or  even  a  microscope ;  in  this  last  case,  the 
spaces  which  result  from  these  fissures  in  the  cellular 
tissue,  or  from  these  dilations  of  the  intercellular 
passages,  bear  a  great  resemblance  to  vessels,  from  which 
they  only  differ  in  their  being  less  regular.  Some 
naturahsts  even  think  that  all  the  vessels  are  true  acci- 
dental cavities  produced  by  the  growth  of  the  plant ;  and 
they  support  this  opinion  either  upon  the  analogy  of  the 
large  air  cavities,  or  upon  the  fact  that  vessels  are  not 
visible  in  very  young  embryos.  But  in  this  bold 
hypothesis,  there  would  be  much  difficulty  in  explaining 
the  extreme  regularity  in  the  form  of  vessels — the 
peculiar  situation  of  the  trachefp,  which,  as  I  have 
shown,  differ  much  from  other  vessels — the  constant 
direction  which  the  sap  takes  at  the  first  moment  of 
growth,  &c.  Lastly,  whatever  opinion  one  adopts  in 
this  respect,  it  must  always  be  admitted  that  the  vessels 
are  formed  long  before,  and  with  much  greater  regularity 
than  the  air  cavities. 

These  cavities  contain  air,  but  we  cannot  assert  that 
it  performs  anj  direct  fmiction  in  the  act  of  vegetation  ; 
we  must  not  liken  them  completely  to  certain  air  cavities 
which  are  formed  in  some  organs  by  a  true  dilatation  of 
the  tissue,  as  we  see  in  the  floating  bladders  of  some 
species  of  Fucus,  of  Trapa  nataiis,  Utricularia,  8fc. 
We  shall  again  have  occasion  to  revert  to  these  organs 
hereafter. 
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/OF    THE    RAPHIDES. 


I  DESIGNATE  by  tlus  name,  which  signifies  Needles, 
very  singular  bodies  which  have  been  discovered  within 
a  few  years,  and  the  function  of  which  is  still  very 
obscure :  these  are  bvindles  of  hairs  or  points,  of  a 
moderately  stiff  consistence,  which  are  found  either  in 
the  internal  cavities,  or  in  the  intercellular  passages  of 
some  plants  with  loose  tissue.  Sprengel  has  found  them 
in  the  cellular  tissue  of  Pij)er  magnol'icp folium.  Ru- 
dolphi  also  points  out  their  existence  in  Tradescantia 
and  Musa.  Kieser  has  seen  them  in  Calla  JEthiopica, 
Musa  sapientum,  and  Aloe  verrucosa.  I  myself  have 
seen  them  in  Tritoma  Uvaria,  Littcsa  geminijlora,  and 
Crinum  latifoUum,  and  my  son  has  observed  them  in 
Nyctago  Jalappce,  and  the  common  Balsam  ( Balsamina 
hortensis).  I  am  not  aware  that  they  have  as  yet  been 
found  in  other  plants ;  but  as  these  belong  to  two  great 
classes  of  Vasculares,  and  to  several  widely-separated 
families,  it  is  probable  that  they  will  be  found  in  many 
others :  we  remark  that  they  are  only  found  in  plants  of 
loose  tissue.  We  are  as  yet  too  little  acquainted  with 
them  to  describe  them  otherwise  than  from  examples. 

When  a  leaf  of  Tritoma  Uvaria  (PL  3,  fig,  5,)  is  cut 
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lengthways,  we  observe  longitudinal  fibres,  in  which  the 
tracheae  and  annular  vessels  are  very  easily  distinguished 
from  one  another  by  the  inequality  of  their  diameter. 
Between  these  fibres  are  found  a  green  parenchyma, 
composed  of  irregular  oblong  cellules,  placed  end  to  end, 
and  evidently  separate  from  one  another.  They  unite 
towards  the  external  parts  of  the  veins,  which  are  com- 
posed of  elongated  and  close  cellules.  The  transverse 
cellules,  which,  perhaps,  are  organs  distinct  from  those 
which  compose  the  fibres,  contain  a  green  rough  matter. 
Among  these  transverse  cellules  we  see  kinds  of  opaque 
spindles,  placed  in  a  longitudinal  direction,  and  parallel 
with  the  veins,  pointed  at  the  two  extremities,  and  which 
seem  kinds  of  internal  hairs.  These  are  the  filaments 
wliich  I  call  Raphides  ;  the  bundles  of  them  often 
diverge  under  the  eye  of  the  observer,  and  then  the 
filaments  of  which  they  are  composed  can  be  distinctly 
seen.  It  happens  very  frequently  that  in  cutting  the 
leaf,  the  Raphides  separate  and  float  in  the  water  in 
which  it  is  placed  under  the  microscope.  Wlien  they 
are  thus  seen  isolated,  (PI.  3,  fig.  6,)  they  seem,  under 
very  powerful  microscopes,  to  be  kinds  of  tubes  pointed  at 
the  two  extremities ;  they  present  two  opaque  lines 
upon  the  borders,  and  the  middle  is  transparent,  as  in 
common  hairs  placed  under  the  inicroscope.  These 
Raphides  are  of  a  stiff  consistence  ;  we  have  never  seen 
them  bent  or  curved — neither  I,  nor  my  son,  nor  the  ob- 
servers who  were  kind  enough  to  assist  us  in  this  exami- 
nation ;  among  them  it  will  be  sufficient  to  mention  Dr. 
Provost,  to  prove  how  accustomed  they  are  to  microscopic 
researches.  It  has  been  impossible  for  us  to  form  any 
idea  of  the  point  of  attachment,  or  of  the  origin  of  these 
bundles,  which  seem  to  be  produced  upon  the  cellules. 
The  bundles  of  Raphides  in  Littcea  and  Crinum  lati- 
foliiim  differ  so  little  from  those  of   Tritoma,  either  in 
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form  or  position,  that  it  is  not  necessary  to  describe 
thenn  As  for  Nyctago  Jala2^2)ce,  the  bundles  of  Raphides 
are  presented  to  view  immediately  under  the  cuticle  of 
the  leaf,  where  it  is  raised  by  the  point  of  a  knife  ;  they 
are  distinguished  by  the  naked  eye  or  lens,  as  little 
white  oblong  spots  pointed  at  the  two  ends.  When  the 
tissue  is  placed  under  the  microscope,  the  bundles  of 
Raphides  are  seen  as  layers  under  the  cuticle  ;  they  are 
smaller  than  those  of  Triioma,  but  they  are  detached  in 
the  same  manner,  and  present  the  same  appearance ;  they 
are  also  found  in  the  articulations  of  the  stem.  Those 
of  the  common  garden  Balsam  ( Balsamina  hortensis) 
differ  very  little  from  the  preceding,  and  are  also  found 
under  the  cuticle  of  the  leaves  and  in  the  articulations  of 
the  stem. 

The  bodies  observed  by  Sprengel  in  Piper  magnolics- 
foUum  appear,  from  the  figure  which  he  has  published, 
perfectly  to  resemble  those  wliich  I  have  described;  but 
he  gives  so  few  details  of  them  that  I  cannot  form  a 
decided  opinion  upon  their  identity. 

All  the  observers  who  have  spoken  of  these  bodies, 
have  considered  them  as  kinds  of  little  crystals,  which  are 
formed  in  the  juices  of  the  plants,  and  are  fixed  in  the 
intercellular  passages.  Sprengel  and  Kieser,  in  conse- 
quence, give  them  the  names  of  very  fine  Needles  (aiguilles 
tres-Jines)  or  Needle-shaped  Crystals  (cristaux  en  forme 
d'aiguille),  but  these  terms  appear  to  have  the  double 
inconvenience  of  being  compound  words,  and  of 
affirming  upon  their  nature,  perhaps,  beyond  what  has 
been  strictly  demonstrated.  I  have  decided  for  this 
reason  to  name  them  Raphides  (a  Greek  word  which 
signifies  needles) ;  this  name  has  the  advantage  of  con- 
necting their  form  and  original  name,  and  it  does  not 
affirm  any  thing  beyond  what  is  true. 
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CHAPTER  XIV. 


OF    SOME    PROJECTING    BODIES    IN    THE    INTERIOR 
CAVITIES    OF    PLANTS. 


I  HERE  make  allusion  to  tv^^o  classes  of  very  peculiar 
bodies  vs^hich  are  found  in  the  ca\"ities  of  certain  plants 
with  loose  tissue,  and  the  history  of  which  is  little 
known ;  they  differ  from  Raphides  both  in  their  form, 
and  because  they  make  an  integrant  part  of  the  tissue, 
and  are  never  found  floating  in  the  fluids. 

The  first  kind  is  composed  of  star-shaped  bodies,  dis- 
covered by  Rudolphi,  and  since  well  observed  by  Amici, 
in  the  air  cavities  in  the  stems  and  petioles  of  the 
Nymphseacege ;  they  are  kinds  of  stars,  with  several 
diverging  rays  inserted  upon  the  border  of  the  cavity, 
and  projecting  into  the  interior.  The  form  of  each  ray 
is  conical ;  vdder  at  the  base,  and  stiff.  Rudolphi  asserts 
that  he  has  found  them  in  the  stalks,  petioles,  leaves, 
and  even  corolla  of  the  Water  Lily  (Nymphcea).  Those 
of  Nymphcea  alba  have  the  rays  less  numerous  and 
longer  than  those  of  Nuphar  luteum ;  they  have  even 
been  found  in  the  dried  plants.  The  use  of  these 
radiating  bodies  is  entirely  unknown,  but  there  can  be 
no  doubt  that  they  form  an  integrant  part  of  the  tissue. 
Rudolphi  compares  them  with  the  hairs  which  are  found 
in  the  interior  of  the  pods  of  some  Leguminosae  and  the 
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bladders  of  sea-weed;  but  their  rigidity  and  regularity 
leave  me  much  in  doubt  with  regard  to  the  accuracy  of 
this  analogy. 

The  second  kinds  of  bodies,  situated  in  the  cavities, 
and  which  appear  to  make  an  integrant  part  of  the 
tissue,  are  composed  of  little  round-stalked  buttons, 
which  Kieser  has  discovered  in  the  air  cavities  of  Calla 
JEt/tiopica,  and  which  spring  from  their  walls.  The 
function  of  these  organs  is  wholly  unknown. 

The  peculiarity  of  these  two  classes  of  organs  to  the 
plants  we  have  mentioned  would  make  us  think  that 
their  use  is  of  little  importance. 


CHAPTER  XV. 


OF    ARTICULATIONS    AND    DEHISCENCES. 


In  the  animal  kingdom  the  articulations  are  complete 
solutions  of  continuity  between  the  solid  parts  which 
form  the  frame-work  destined  to  support  the  organs  of 
locomotion ;  in  plants,  where  there  is  no  apparatus  for 
motion,  that  is  to  say,  no  muscles  or  bones,  there  cannot, 
consequently,  be  articulations  analogous  to  those  of 
animals. 

Those  parts  in  plants  are  called  Articulations,  where, 
at  a  certain  period  of  life,  solution  of  continuity  naturally 
takes  place.  It  is  to  be  remarked,  that  all  the  parts  of 
plants  which  naturally  fall  off  are  provided  with  articu- 
lations, and  that  all  those  which  are  devoid  of  them  die 
after  a  certain  time,  and  dry  up  and  are  destroyed  piece- 
meal, but  are  never  detached  in  one  whole  piece ;  this 
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difference  will  very  often  be  shown  in  the  description 
and  history  of  the  compound  organs.  I  only  mention 
the  articulations  here  for  the  purpose  of  considering 
their  anatomical  structure.  When  we  examine  minutely 
the  articulations  in  their  young  and  fresh  state,  we  only 
remark  the  cellules  and  vessels  continuous  and  regular  ; 
but,  nevertheless,  we  almost  always  observe  a  little 
swelling  or  small  knot,  which  indicates  the  point  of 
the  articulation ;  after  a  certain  time  this  swelling 
augments,  and  a  row  of  cellules,  disposed  upon  the 
same  plane,  either  dry  up  and  are  obliterated,  or  separate 
from  the  neighbouring  row :  then  the  fibres  alone  form 
the  communication  between  the  two  parts  ;  but  as  they 
are  no  longer  bound  together  by  the  surrounding  cellular 
tissue,  they  are  broken  by  the  slightest  shake.  The  part 
exposed  by  the  fall  of  the  organ,  which  was  attached  by 
means  of  an  articulation,  is  called  a  Cicatrice  :  we  here 
distinctly  perceive  the  places  where  the  fibres  were  broken, 
but  the  cellular  tissue  proves,  by  its  smooth  surface,  that 
its  separation  has  taken  place  without  true  rupture. 

The  organs  attached  by  such  an  articulation  are  said 
to  be  ARTICULATED  ;  the  others  are  called  adherent 
or  CONTINUOUS ;  the  former  are  caducous,  the  latter 
persistent.  There  are  organs,  which,  as  we  shall  see, 
are  themselves  composed  of  parts  articulated  with  one 
another ;  these  are  called  Articuli,  when  they  are  con- 
sidered in  a  general  manner ;  they  receive,  in  different 
cases,  particular  names,  v/hich  we  will  notice  hereafter. 

The  Cicatrice  is  always  more  visible  upon  the  larger 
of  the  two  surfaces  which  are  disarticulated,  and  it  is 
usually  to  this  alone  that  this  name  is  applied  ;  some- 
times, consequently,  the  Cicatrice  is  marked  upon  the 
permanent  organ ;  such  is  that  which  the  leaf  leaves 
after  its  fall, — those  which  the  annual  stems  leave  upon 
certain  root-stocks,  as  in  Solomon's  Seal, — or  those  wliich 
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the  peduncles  or  flowers  leave  upon  the  stem  or  recep- 
tacle. Sometimes  they  are  found  upon  the  organ  which 
is  detached ;  such  are  the  Cicatrices  which  are  observed 
on  the  base  of  certain  pericarps,  as  in  the  Acorn, — or 
those  on  seeds,  as  in  the  Horse-chestnut. 

Dehiscence  is  a  phenomenon  which  takes  place  in 
organs  which  are  closed,  at  least  in  their  infancy;  it  is 
nearly  related  to  that  which  we  call  articulation  in  elon- 
gated organs  :  it  consists  of  a  determined  and  regular 
rupture,  which  is  performed  by  a  closed  organ ;  thus, 
most  dry  fruits  open  when  ripe,  either  longitudinally  or 
transversely,  by  one  or  several  regular  divisions.  The 
lines  through  which  these  ruptures  take  place,  are  most 
frequently  a  little  prominent,  so  that  they  can  be  per- 
ceived before  the  dehiscence  occurs :  to  these  the  name 
of  Sutures  has  been  given,  because  they  have  been 
compared  to  the  projecting  lines  on  pieces  of  cloth 
which  have  been  sewed  together.  But  this  term  does  not 
indicate  that  the  parts  susceptible  of  separating  by 
dehiscence  were  always  originally  distinct ;  in  reference 
to  this  there  are  two  kinds  of  dehiscence. 

1st.  It  sometimes  takes  place  between  organs  origi- 
nally distinct,  which  have  united  during  their  growth, 
and  separate  when  ripe  :  this  is  what  happens  when  the 
carpels  of  a  fruit  separate  from  one  another  at  their 
points  of  junction,— as  is  seen,  for  example,  m  the  Rho- 
doraceaD  or  Colchicaceae ;  when  petals,  which  were  more 
or  less  completely  joined  together  during  flowering, 
separate  when  they  begin  to  wither,  as  in  some  species 
of  Correa.  I  give  to  this  mode  the  name  of  Dehis- 
cence by  Separation  (par  decollement).  The  septicidai 
dehiscence  of  fruits  belongs  to  this  class. 

2d.  Sometimes  parts  originally  distinct  are  united 
together  in  such  a  manner  that  they  cannot  separate 
when   ripe,  and  then  the  dehiscence  takes  place   by  a 
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regular  rupture,  which  is  effected  in  the  line  which  offers 
the  least  resistance  :  I  give  to  this  phenomenon  the  name 
of  Dehiscence  by  Rupture  (par  rupture).  The  dehis- 
cences of  fruits,  termed  Loculicidal,  Transverse,  Basal, 
&c.  are  particular  cases  of  this  class.  I  shall  revert 
to  the  detail  of  the  different  kinds  of  Dehiscence  w^hen 
I  speak  of  Fruits ;  but  I  considered  it  right  to  mention 
them  here  in  a  general  manner,  since  all  these  distinctions 
are  applicable  to  all  hollow  and  closed  organs  in  their 
yovmg  state  ;  and  we  see  from  what  precedes,  that  dehis- 
cence is  a  kind  of  articulation  applied  to  hollow  organs, 
and  that  articulation  is  the  dehiscence  of  elongated 
ones. 


CHAPTER  XVI. 


DIVISION    OF    PLANTS    BY    MEANS    OF    THE    ELEMENTARY 

ORGANS. 


We  have  described  in  a  concise  and  general  manner, 
not  only  the  elementary  organs,  but  also  those,  the 
primary  combinations  of  which  are  so  intimate,  that  they 
may  be  considered  as  being  themselves  elementary.  It 
now  remains  for  us  to  show,  in  order  to  conclude  this  first 
part  of  the  Organography,  how  the  vegetable  kingdom 
may  be  divided  by  means  of  the  elementary  organs,  and 
how  we  shall  obtain  by  it  a  fundamental  division  by 
which  we  shall  see  hereafter  that  all  the  secondary  ones 
are  linked  together. 

In  this  point  of  view,  plants  are  divided  into  two  great 
classes,  viz.,  Cellulares  (cellulaires),  and  Vasculares 
(vasculaires) :   the  first  are  composed  solely  of  round 
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or  elongated  cellular  tissue,  the  second  both  of  cellular 
tissue  and  vessels.  The  former  are  constantly  devoid  of 
stomata ;  the  latter  are  generally  furnished  with  them, — 
with  the  exception  of  some  species  isolated  into  different 
groups,  where  these  organs  are  absent.  The  former 
most  frequently  present  an  almost  homogeneous  mass, 
with  the  organs  of  nutrition  and  reproduction  but  little 
defined  ;  in  the  latter,  all  these  organs  are  very  distinct 
and  well  characterised :  the  former  have  only  a  weak 
and  uncertain  tendency  to  rise  perpendicularly  ;  in  the 
latter  this  tendency  is  energetic  and  continued.  All  the 
principal  phenomena  of  structure  and  growth  differ  in 
these  two  classes. 

Cellular  Plants  (vegetabilia  cellulosa)  have  been 
named  Acoti/ledons  by  Jussieu;  Agamia  by  Lamarck  ; 
Inembryones  by  Richard  ;  they  form  part  of  the  class  of 
Cryi)togamia  of  Linnceus  ;  and  of  JEtheogamia  of  Beau- 
vais ; — all  these  terms  rest  more  or  less  upon  hypotheses  or 
partial  characters.  I  give  them  the  name  of  Cellularks 
when  I  consider  them  with  regard  to  their  nutritive 
organs;  and  I  employ  the  more  extensive  term  of 
Cryptogamia,  in  order  to  comprehend  the  cellular 
plants,  and  those  among  the  vascular  the  fructification 
of  which  is  indistinct, — as  the  Ferns. 

Vascular  plants  (vegetabilia  vascularia)  are  often 
designated  by  the  names  of  Phanerogamia,  Phcenogamia, 
or  Emhryones,,  in  contradistinction  to  those  of  Crypto- 
gamia or  Inembryones  ;  but  these  terms  are  as  inaccurate 
as  those  to  which  tliey  correspond.  I  use  the  name  of 
Vasculares  to  designate  all  the  plants  provided  with 
tracheae  and  stomata,  whatever  may  be  their  fructi- 
fication ;  and  the  more  restricted  terra  of  Phanero- 
gamia (phanerogames)  for  those  vascular  plants  the 
fructification  of  v/hich  is  distinct,  and  more  or  less 
synunctrical. 


V 
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Link  prefers  the  terms  of  Homonemece  and  Hetero- 
nemecc,  to  designate  the  classes  of  which  I  have  been 
speaking;  but  I  persist  in  preserving  those  of  Cellu- 
LARES  and  Vasculares — 1st,  Because  they  are  okler  ; 
2d,  Because  the  terms  proposed  by  Link,  which  signify 
similar  and  dissimilar  filaments,  seem  to  me  likely  to 
originate  inaccurate  ideas. 

Among  Vascular  Plants  we  can  also  establish  two 
great  fundamental  divisions,  viz  : — 

1st.  Those  which  have  all  their  vessels  and  elongated 
cellules  directed  longitudinally,  and  w^here  the  new 
fibres  are  always  developed  toward  the  centre  of  the 
trunk. 

2d.  Those  which  have  the  vessels  or  bundles  of  elon- 
gated cellules  directed  either  longitudinally  or  trans- 
versely, and  the  new  fibres  of  which  are  developed 
toward  the  circumference  of  the  trunk.  The  former  have 
received  the  name  of  Monocotyledons  or  Endo- 
RHiZE^  ;  and  the  latter,  in  contradistinction,  those  of 
Dicotyledons  or  Exorhize.e. 

I  shall  designate  them  here,  sometimes  by  the  names 
of  Dicotyledons  or  Monocotyledons,  when  I  com- 
pare them  with  reference  to  their  fructification ;  at 
others  by  those  of  Exogens  or  Endogens,  when  they 
are  considered  with  regard  to  their  nutrition. 

It  results  from  this  rapid  and  very  elementary 
summary,  that  the  great  primary  classes  of  plants  are 
the  following :  — 

1st.  Dicotyledons  or  Exogens  (all  Phanerogamia). 

2d.  Monocotyledons  or  Endogens  (Fhanero- 
c/amia). 

3d.  Monocotyledons  or  Endogens  (Cryptogamia). 

4th.  Cellular ES  (all  Cryptogamia). 

The  name  of  Vasculares  comprehends  the  three  first 
of  these  divisions ;  that  of  Cellulares,  only  the  last. 
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The  term  of  Phanerogamia  includes  the  two  first; 
that  of  Cryptogamia,  the  two  last. 

Those  who  are  fond  of  numerical  relations  will 
remark,  perhaps,  that  the  vegetable  as  well  as  the 
animal  kingdom  presents  four  great  primary  classes ; 
but  I  beg  them  to  exempt  me  from  attaching,  for  the 
present,  any  importance  to  this.  I  own,  with  M.  Fries, 
that  the  quaternary  division  is  frequently  presented  in 
the  plans  of  our  classification ;  but  I  do  not  know  but 
that  this  arises  rather  from  our  turn  of  mind,  which  is 
fond  of  comparing  things  with  each  other,  than  from 
the  real  nature  of  things. 


CHAPTER  XVII. 

of  the  general  classification  of  compound 

organs. 


We  have  analyzed  the  elementary  organs  of  plants, 
and  those  which  are  formed  in  a  manner  so  immediate 
that  they  may  be  taken  for  elementary  ones.  It  must 
now  be  examined  how  these  different  organs  are  com- 
bined in  order  to  form  all  the  various  parts  of  plants. 

In  considering  this  subject  in  a  very  general  maimer, 
we  may  know  that  all  vascular  plants  seem  composed  of 
three  principal  parts  only— the  stem,  the  root,  and  the 
leaves;  and  this  theory  may  be  demonstrated — 1st,  in 
this,  that  these  three  parts  alone  suffice  for  the  life  of  the 
plants,  and  even  for  a  kind  of  multiplication  of  these 
beings;— 2dly,  in  this,  that  all  the  other  known  organs 
of  plants  may  be  considered  as  modifications  of  one  of 
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the  three  which  have  been  just  mentioned.  It  is  ex- 
pedient then  to  study  directly  the  structure  and  history 
of  these  three  organs;  which  we  shall  call  the  Funda- 
mental ones,  to  indicate  both  that  they  serve  eminently 
for  the  nutrition  of  plants,  and  that  all  the  others  (as 
will  appear  in  their  description),  are  simple  modifications. 

Those  other  organs,  less  essential  to  life,  but  whicli 
concur,  however,  in  a  powerful  manner  to  its  support, 
may  be  classed  in  two  divisions  ;  the  one  kind,  (and 
these  are  by  far  the  more  complicated  and  various,)  are 
connected  with  the  means  of  reproduction  of  plants: 
these  are  the  Reproductive  Organs  (organes  repro- 
ducteurs),  such  as  flowers,  fruits,  &c. 

The  others  are  modifications  of  the  fundamental 
orsfans,  and  are  connected  with  other  functions  than  re- 
production,  such  as  the  support,  defence,  and  protection 
of  the  organs  in  general,  or  of  one  of  them  in  particular. 
I  have  called  them  collectively  by  the  name  of  Accessory 
Organs  (organes  accessories). 

These  divisions  are  applicable  when  they  relate  to 
Vascular  plants,  but  we  must  not  strictly  follow  them  in 
the  description  of  the  Cellular,  where  all  the  parts  are 
more  or  less  confounded  in  a  homogeneous  tissue.  We 
shall  take  care,  in  the  following  books,  attentively  to 
separate  these  two  great  divisions  of  the  vegetable 
kingdom. 
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BOOK  II. 


OF  THE  FUNDAMENTAL  ORGANS,  OR  THE  ORGANIC 
PARTS  ESSENTIAL  TO  NUTRITION. 


The  organs  which  I  call  Fundamental  are  those  which 
serve  for  the  nourishment  of  the  individual  plant,  and 
which  cannot,  consequently,  be  wanting  in  any  of  them, 
though,  by  some  particular  combinations,  they  may 
sometimes  be  very  small,  or  difficult  to  be  recognised. 
These  organs  are,  in  vascular  plants,  the  Stem,  Root,  and 
Leaves ;  and  in  cellular  plants  we  shall  see  that  they 
seem  more  or  less  confounded  in  a  single  body.  We 
shall  commence  by  studying  them  in  the  Vasculares, 
where  they  are  generally  very  distinct,  so  that  we  may 
endeavour  afterwards  to  form  an  idea  of  the  Cellulares, 
where  these  distinctions  are  scarcely  or  not  at  all 
admissible. 
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CHAPTER  I. 

OF  THE  STEM  OF  VASCULAR  PLANTS. 


Section  I. 
Of  the  Stem  in  General. 

Art.  1. — Of  the  Stem,  properly  so  called. 

The  Stem  (caulis ;  tige)  is  that  fundamental  part  of 
plants  which  has  always  a  tendency  to  rise  vertically 
with  more  or  less  energy,  and  which  has  the  root  at  its 
base,  and  the  leaves  above,  when  the  plant  is  destined  to 
have  any ;  or,  as  Desvauz  says,  the  stem  is  the  in- 
termediate organ  between  the  roots  and  the  leaves. 
Tliis  organ,  which  is  that  from  which  all  the  others 
spring  in  different  directions,  is  not  absent  in  any  vas- 
cular plant:  sometimes  it  exists  veiy  evidently  and  highly 
developed  ;  at  others  it  is  stunted  and  concealed  under 
ground,  in  such  a  manner  as  to  appear  as  if  there  were 
none, — as  Hedwig  has  affirmed  since  1793,  as  I  have 
established  since  1804,  and  as  Dutrochet  has  since  con- 
firmed by  some  beautiful  observations.  The  plants  in 
which  it  is  very  visible  have  been  called  in  Latin 
caulescentes,  a  word  which  some  authors  have  preserved 
in  French.  Those  in  which  it  is  scarcely  apparent  liave 
been  named,  in  contradistinction,  acaules  or  suhacaules. 
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This  distinction,  which  is  convenient  in  descriptive  lan- 
guage, is  by  no  means  accurate,  for  the  stem  always 
exists;  but  it  is  sometimes  very  long,  at  others  very 
short,  most  frequently  very  apparent,  but  sometimes 
buried  in  the  earth :  we  are  about  to  show  this  by  some 
examples. 

Most  plants  said  to  be  stemless  (acaules)  only  owe 
this  appearance  to  the  shortness  of  that  organ  :  their 
leaves  and  flowers  appear  to  spring  from  the  root,  and 
are  called  Radical  (radicales)  because  their  bases 
entirely  conceal  the  stem  which  gives  origin  to  them. 
Nearly  all  these  plants  are  capable  of  presenting  a  stem 
well  developed  when  placed  in  favourable  circumstances ; 
— thus,  Carlina  acaulis,  Astragalus  Monspessulanus, 
Carduus  acaulis,  Sec.  8cc.  are  as  often  found  with  a 
visible  and  developed  stem  as  without  any  apparent 
one. 

The  globular  and  depressed  body,  which  it  has  been 
the  custom  to  designate  by  the  name  of  a  tuberous  root, 
in  the  Cyclamen,  is  a  true  stem  or  stock,  which  gives 
origin  to  roots  at  its  inferior  side,  and  produces  each 
year,  at  its  summit,  a  bud  with  leaves  and  flowers.  This 
assertion  is  confirmed  by  the  mode  of  germination  of 
this  plant,  and  by  the  slight  greenness  this  round  body 
acquires  when  it  is  exposed  to  the  light. 

In  bulbous  plants,  such  as  the  Hyacinth  or  Tulip,  the 
stem  appears  wholly  wanting  ;  but  here  analogy  guides 
us,  and  clearly  proves  that  the  stem  is  the  orbicular 
plate  which  forms  the  base,  and  which  bears  on  one  side 
the  roots,  and  on  the  other  the  leaves  and  flowers.  In 
fact,  no  one  refuses  the  name  of  stem  to  that  of  the 
the  Palms,  Yucca,  Aloe,  and  Lilies  ;  but,  by  insensible 
gradations,  we  can  descend  even  to  that  of  the  Hyacinth. 
In  the  genus  Allium,  for  example,  are  found  some 
species   with   an   upright    and   very    evident   stem,    as 
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Allium  tataricum ;  there  are  others,  where  it  is  short, 
lying  upon  the  surface  of  the  ground,  as  Allium  sejies- 
cens; — lastly,  in  others  it  is  reduced  to  a  simple  orbi- 
cular disk,  as  in  Allium  cepa. 

The  short  and  stunted  stems  are  often  difBcult  to  be 
recognised,  because  they  are  found  concealed  under 
ground,  as  we  see  it  in  the  Garlic :  the  same  pheno- 
menon is  presented  among  Ferns,  some  of  which  have 
the  stem  strong  and  upright,  like  a  tree, — for  example, 
Dicksoniu :  others  have  it  twisted,  weak,  and  climbing, 
as  Ugena;  lastly,  there  are  others  (and  it  is  these  alone 
which  grow  in  our  climate,)  \^•ith  the  stem  creeping 
along  the  surface  of  the  ground,  or  even  beneath  it. 

This  kind  of  subterranean  stunted  stem,  having  the 
appearance  of  a  root,  has  been  called  Rhizoma  by  Ker, 
a  name  which  signifies  like  a  root:  and  it  expresses  its 
nature  very  well.  The  stems  of  Nymphcea,  the  European 
Ferns,  the  European  species  of  Arum,  and  several  kinds 
of  Garlic,  have  Rhizomata.  Hcdwig  gave  the  name  of 
Truncus  superJiciaUs  to  stems  lying  horizontally  upon 
the  surface  of  the  ground, — as,  for  example,  the  Iris 
germanica. 

The  Salix  herhacea  sometimes  presents  this  subter- 
ranean position  of  the  stem  in  a  peculiar  manner.  This 
little  plant  grows  in  the  turf  upon  the  Alps,  the  soil  of 
which  is  liable  to  be  elevated  by  more  rolling  down  from 
above  :  the  stem,  which  is  very  short,  becomes  covered 
with  earth  each  autumn,  and  in  the  spring  it  lengthens 
to  the  surface  of  the  soil ;  so  that,  after  some  years,  the 
whole  stem  is  buried  in  the  earth,  and  only  shows  upon 
the  sui-face  the  herbaceous  tops  of  its  branches.  When 
it  grows,  or  is  cultivated,  in  a  soil  which  does  not  become 
elevated,  the  woody  stem  creeps  along  the  surface  ;  and  in 
this  case,  one  cannot  see  the  reason  why  it  is  called  the 
Herbaceous  Willow. 

VOL.  I.  K 
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It  is,  then,  quite  certain  that  the  stem  exists  in  all 
Vascular  Plants — sometimes  being  large,  at  others  small 
— most  frequently  elevated  into  the  air,  but  sometimes 
subterranean. 

The  general  tendency  of  vascular  stems  is  to  rise  per- 
pendicularly from  the  ground  in  which  they  grow ;  and 
this  fundamental  property,  which  we  mil  hereafter 
analyse,  is  only  wanting  in  a  very  small  number  of  vas- 
cular plants — viz.  Parasites,  that  is  to  say,  those  which 
live  upon  the  sap  prepared  by  other  plants — as,  for 
example,  the  Mistletoe  and  Dodder  (Cuscuta).  In 
several  cases  this  truth  is  scarcely  e^ddent — as,  for  ex- 
ample, when  the  stem  or  its  branches  are  so  feeble  that 
they  cannot  maintain  themselves  erect,  or  when  the 
stem  is  attached  to  the  soil  throughout  its  whole 
length  by  roots  or  cramps;  in  these  cases  the  ex- 
tremities alone  show  the  tendency  to  assume  the  vertical 
direction. 

The  ramifications  of  the  stem  have  received  the 
names  of  Branches  (rami;  rameaux).  The  un- 
divided part  of  the  stem  bears,  in  contradistinction,  the 
name  of  Trunk  (truncus ;  tronc)  ;  and  the  collection  of 
branches,  that  of  Cyme  (cyma;  chve).  These  branches, 
which  are  only  kinds  of  stems,  have  a  tendency,  like 
the  trunk,  to  assume  the  vertical  direction,  especially  in 
their  yomig  state.  We  shall  see  hereafter  that  v/e 
ought  to  consider  each  branch  as  a  perfect  whole, 
inserted  into  the  trunk  or  branch  which  gfives  origfin 
to  it. 

The  stem  always  bears  the  leaves,  when  it  is  destined 
to  liave  any.  There  are  no  true  stems  without  leaves, 
except  those  of  plants  where  these  organs  do  not  exist, 
such  as  Orohanche,  Lathrea ;  and  yet,  in  these  cases,  the 
leaves  are  represented  by  scales,  as  in  Lathrea,  and  also 
Cuscufa  ;  or  by  tubercles,  as  in  Stapelia. 
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Scapes  (scapi)  are  those  organs,  devoid  of  true  leaves, 
or  only  producing  floral  ones,  which  bear  the  flowers  of 
certain  plants,  such  as  the  Hyacinth ;  these  are  not 
true  stems,  but  kinds  of  peduncles  which  spring  from  a 
short  subterranean  stock. — (See  Book  III.  Chap.  I. 
Sect.  II.) 

The  point  where  the  stem  joins  the  root,  and  which 
is  generally  on  a  level  with  the  surface  of  the  ground, 
bears  the  name  of  the  Neck  (collum;  collet).  Grew 
gave  it  the  name  of  Coarcture.  Turpin  has  been  in- 
duced, from  comparison  with  the  animal  kingdom,  to 
call  it  the  Median  Horizontal  Line.  Lamarck  designates 
it  by  that  of  the  Vital  Node,  because  it  is,  in  fact,  a 
kind  of  centre,  above  and  below  which  the  fibres  enjoy 
very  diflerent  properties ;  but  these  fibres  appear  con- 
tinuous, and  anatomy  does  not  give  any  reason  for  the 
diflerence  which  exists  among  them,  so  that  the  Neck  is 
sometimes  the  point  of  demarcation  of  two  organs,  and  not 
itself  an  organ  ;  its  situation  even  is  not  always  easy  to 
be  recognised  with  certainty.  There  are,  in  fact,  certain 
stems,  such  as  those  of  Eryngium,  which  have  at  the  base 
the  appearance  and  texture  of  true  roots,  so  that  they 
can  only  be  distinguished  by  their  ascending  direction. 

Certain  stems  present  an  interval  between  the  Nodes 
(nodi ;  no'udsj  ;  that  is  to  say,  those  firmer  and  denser 
parts  which  appear  formed  either  by  the  interlacement 
of  the  fibres,  as  is  seen  in  some  grasses,  or  more  rarely 
by  stony  concretions  analogous  to  calculi — as,  for  ex- 
ample, in  the  Cane,  which  is  improperly  said  to  be 
jointed.  The  part  of  the  stem  which  is  found  between 
two  Nodes  bears  the  name  of  Internode  (inter- 
nodium ;  entre-voeud).  The  leaves  arise  usually  from  the 
nodes  of  knotted  stems ;  hence  it  happens  that  in  those 
stems  wliich  have  no  nodes,  the  part  between  two  pairs 
or  two  rows  of  leaves  frequently  goes  under  the  name  of 
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Internode :  and  Turpin  calls  the  part  from  which  a  leaf 
or  pair  of  them  spring,  the  Vital  Node  (noeud  vital),  thus 
extending  by  theoretical  views  the  primitive  meaning  of 
the  word. 

Knotted  Stems  are  frequently  confounded  with  jointed 
ones,  i.  e.  those  provided  with  kinds  of  articulations,  or 
places  which  can  be  broken  without  tearing  the  tissue. 
This  error  arises  from  this  : — 1st,  that  the  articulations  of 
stems  are  almost  always  provided  with  rims  or  swellings 
which  resemble  nodes  ; — 2d,  that  the  articulations  can 
only  be  broken  during  the  first  or  second  year,  and  that 
afterwards  they  present  sufficient  density  to  seem  like 
true  nodes.  However,  we  know  without  difficulty  that 
the  nodes  and  articulations  are  very  distinct :  the  former, 
formed  by  the  plexus  of  vessels,  present  points  more 
compact  than  the  rest  of  the  tissue  ;  the  latter,  on  the 
contrary,  are  the  parts  of  the  stem  which  are  less  firm 
and  more  easily  broken,  thus  Vitacae,  Caryophylleae, 
and  Geraniacea?  are  articulated  in  their  young  state  ; 
the  interval  between  the  two  articulations  bears  indif- 
ferently the  names  of  Articuli,  Internodes,  and 
Merithalli. 

The  tops  of  stems,  or  of  their  branches,  are  generally 
green,  soft,  and  herbaceous ;  a  great  number  present 
this  appearance  throughout  their  whole  surface, — these 
bear  the  name  of  Herbaceous  Stems  (herhacei ;  her- 
bacces)  ;  and  the  plants  to  which  they  belong  are  called 
Herbs  (  herhcs ;  herbes);  these  stems  do  not  generally 
last  more  than  a  year :  either  the  plant  itself  perishes 
within  this  time,  or  the  neck  of  the  root  continues  to 
live,  and  shoots  up  new  stems  the  following  year.  Usually, 
in  this  last  case,  the  part  of  the  stem  which  remains  is  so 
short,  that  it  is  customary  to  say  that  the  young  shoots 
spring  from  the  neck ;  this  is  what  we  see  in  the 
Bryony,    for  example.     Sometimes,  on  the  contrary,  the 
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lower  part  of  the  stem  becomes  hard  at  the  end  of 
autumn,  and  remains  above  the  earth,  after  the  death  of 
the  upper  part,  under  the  form  of  a  more  or  less  elon- 
gated stump.  This  persistent  part  has  received  the  par- 
ticular name  of  Stock  (caudex ;  soucke)  when  it  is  on 
a  level  with  the  earth ;  or  of  Root-stock  (rhizoma ; 
rhizome)  when  it  is  buried  under  the  surface.  The 
orbicular  plate  which  forms  the  base  of  bulbs,  and  the 
neck  of  perennial  herbaceous  plants,  are  true  subter- 
ranean stocks. 

Perennial  (perennes ;  vivaces)  Stems,  i.  e.  those 
which  last  several  years,  are  in  general  of  a  firmer, 
harder,  and  more  tenacious  texture  than  annual  ones, 
and  only  present  an  herbaceous  appearance  in  their 
Scions  or  young  shoots  (turiones ;  scions,  jeu7ies 
pousses) ;  this  is  the  name  which  is  given  to  the  young- 
parts,  formed  during  the  year,  which  are  still  of  a  soft 
and  greenish  texture.  Gardeners,  and  especially  Roger 
Schabol,  give  to  the  scions  the  name  of  Buds  (houryeons). 
Hedwig  designates  annular  shoots  by  the  Latin  name  of 
Innovatio7ies< 

Herbaceous  stems  may  be  distinguished  into — 

1st.  Fleshy  or  Succulent  (succulenti ;  cJiarnues) 
Stems,  i.  e.  those  the  external  part  of  which  is  for  a 
long  time  covered  with  a  highly-developed  green  paren- 
chyma— as,  for  example,  in  the  Candle  Plant  and 
Stapelia. 

2d.  Woody  (lignosi,  fructicosi ;  ligneuses)  Stems, 
i.  e.  those  which  have  the  texture  and  appearance  of 
wood.  When  the  texture  is  intermediate  between  that 
of  wood  and  of  herbaceous  plants,  the  stem  is  said  to  be 
Sub-ligneous  (suhlignosus,  suffruticosus ;  sous-ligneuse, 
demi-ligneuse). 

Woody  plants  are  distinguished  into — 

1st.  Undeu-shkues    (siijf'rutices ;  soiis-arbrisscaux), 
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wliich  send  out  branches  fi*om  their  base  ;  they  scarcely 
exceed  half  the  height  of  a  man,  and  do  not  bear  scaly 
buds  ;  as,  for  example,  the  Garden  Sage  (Salvia  offici- 
nalis). 

2d.  Shrubs  (Jrutices ;  arhrisseaux,  arhustes),  which 
produce  branches  at  their  base ;  they  hardly  exceed  the 
height  of  a  man,  and  often  bear  buds — as  the  Lilac 
(Sijringa). 

3d.  Trees  (arhores;  arhres),  which,  greatly  exceed  the 
height  of  a  man,  and  divide  into  branches  at  their  upper 
part ;  whilst  the  lower,  gradually  denuded  of  them,  forms 
a  simple  trunk :  they  are  most  frequently  provided  with 
buds — ai!,  for  example,  the  Oak.  These  practical  and 
popular  divisions,  derived  from  the  size  and  texture  of 
stems,  have  no  precision,  since  they  are  not  founded 
upon  anatomical  differences. 

We  frequently  find  the  annual  stems  provided  with 
stomata  ;  they  (the  stems)  are  of  a  decidedly  green  colour, 
of  a  more  herbaceous  texture,  and  the  cellular  tissue 
is  perceptibly  round.  Others,  on  the  contrary,  which 
are  of  a  whitish  colour,  and  with  an  elongated  cellular 
tissue,  are  devoid  of  stomata:  in  some  we  observe  pro- 
jecting longitudinal  lines  or  striae  of  a  paler  colour,  formed 
of  elongated  cellules,  and  devoid  of  stomata;  between 
these  lines  are  green  spaces  furnished  with  these 
organs. 

Fleshy  stems  have  stomata  when  they  are  naturally 
green,  as  Cactus  and  Stapelia :  it  is  to  be  observed  in 
these  cases  that  the  leaves  are  absent  or  very  small,  and 
that  the  surface  of  the  stem  performs  the  true  functioii 
of  a  leaf.  When  these  stems  are  not  of  a  green 
colour,  as  we  see  in  Orohanche,  Cynomorium,  Cuscuta, 
&c.  they  never  have  stom.ata,  and  are  always  parasitical ; 
and  this  is  a  very  strong  argument  for  thinking  that 
Latlirca,    Monotropa,    and    the  leafless    Orchidea\  arc 
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parasites,  although  it  is  very  difficult,  and  sometimes 
impossible,  to  discover  it  by  a  direct  examination  of  their 
roots. 

Woody  Stems  are  generally  devoid  of  stomata  even  in 
their  youngest  state,  and  their  external  cellular  tissue  is 
sensibly  elongated ;  we  must,  however,  except  from  this 
rule  those  which  have  no  leaves,  and  the  green  and  her- 
baceous stems  of  which  contain  them  instead  ;  such  as 
Ephedra,  certain  Brooms,  Casuarhia,  &c. :  these  branches 
bear  the  stomata  in  the  depressed  lines,  or  between  the 
striae. 

Stems,  considered  as  to  their  general  direction,  present 
well  marked  differences  in  the  various  species  ;  all  those 
which  are  sufficiently  solid  have  a  tendency  in  general 
to  be  erect,  and  to  rise  vertically.  Diffijrent  circumstances 
in  their  organization  or  consistence  cause  them  to  vary 
their  positions  ;  thus,  the  stem  is  commonly  said  to  be 
Prostrate  (prostratus ;  coachee),  when,  instead  of  being 
elevated,  it  lies  more  or  less  spread  upon  the  ground  :  this 
position  may  occur,  either  in  the  principal  stems,  when 
they  are  too  weak  to  support  themselves,  or  in  the 
lower  branches,  which,  in  certain  plants,  diverge  at  the 
base  horizontally  from  the  stem,  so  that  the  principal  stem 
is  but  little  or  not  developed  ;  then  it  appears  prostrate, 
but  it  is  in  reality  the  lower  branches  which  deserve  this 
name.  In  all  these  cases,  the  ends  of  the  stem  or 
branches  have  a  tendency  to  regain  the  erect  position ; 
when,  in  doing  this,  and  in  elongating,  they  remain  soft, 
they  fall  down  again  by  the  base,  and  continue  prostrate  ; 
but  it  frequently  happens  that  after  the  first  period  of  its 
development,  a  stem  so  feeble  in  its  infancy  as  not  to 
be  able  to  support  itself,  afterwards  becomes  sufficiently 
solid  to  become  erect ;  it  then  has  the  base  prostrate, 
and  the  summit  erect :  in  this  case  the  name  of  Ascend- 
ing (ascend ante,  montante)  Stem  has  been  given  to  it. 
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It  often  happens  that  Prostrate  Stems  have  a  tendency, 
either  when  they  are  of  a  slightly  fleshy  nature,  or 
when  they  have  distinct  nodes  or  articulations,  or  when 
they  grow  in  a  moist  soil, — it  happens,  1  say,  that  several 
prostrate  stems  have  a  tendency  to  produce  roots;  they 
are  called  Creeping  ( rampantes )  Stems.  These  roots 
spring  most  frequently  from  near  the  axils  of  the  leaves, 
sometimes  all  along  the  lower  surface  of  the  stem  ;  they 
descend,  as  is  peculiar  to  roots,  vertically  into  the  earth, 
and  are  not  coloured  green. 

Upright  stems  have  also  a  tendency  sometimes  to  pro- 
trude roots  into  the  air.  We  see  this  in  a  great  number 
of  fleshy  plants,  such  as  the  different  species  of  Cactvs 
and  the  Crassulacese,  or  in  certain  foreign  species  of 
Ficus  (PI.  6  shows  the  development  of  roots  from  the 
lenticels  of  Ficus  elasfica),  or  especially  in  Rhizophora. 
These  roots  arise  in  the  same  manner  as  in  creeping  stems, 
and  take  a  direction  straight  towards  the  ground  ;  they 
are  in  general  cylindrical  and  but  little  branched;  in 
Rhizophora,  where  they  descend  from  a  considerable 
height,  they  form  kinds  of  natural  arcades  of  a  very 
extraordinary  appearance ;  stems  endowed  with  this 
property  are  called  Rooting  (radicantes)  by  botanists. 

We  can,  by  peculiar  modes  of  culture,  excite  this 
production  of  roots,  even  in  stems  which  have  scarcely 
any  disposition  to  do  so  ;  and  in  this  consists  the  art  of 
making  layers,  for  this  is  the  name  which  is  given  to  a 
part  of  a  stem  or  branch,  which  after  having  produced 
roots,  is  artificially  separated  from  the  mother  plant. 

Layers  are  a  physiological  phenomenon,  the  study  of 
which  cannot  occupy  us  here,  since  I  have  thought  it 
necessary  to  make  a  remark  upon  its  analogy  with  the 
natural  state  of  rooting  stems.  In  all  these  cases, 
whether  natural  or  artificial,  the  roots,  which  are  pro- 
duced from   the  branches    of    trees,    spring    from    the 
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lenticels,  or,  very  rarely,  from  the  cicatrices  of  former 
leaves,  as  I  have  observed  in  Seduvi  altissimum ;  the 
origin  of  the  roots  which  spring  from  the  stems  of  her- 
baceous plants  has  not  yet  been  well  determined. 

There  are  some  plants  in  which  all  the  branches  or 
stems  are  not  equally  capable  of  producing  roots ;  thus, 
for  example,  the  Strawberry  shoots  from  the  axils  of  its 
lower  leaves  peculiar  branches,  which  are  called  Runners, 
(flagellcs,  viticulce  ;  jets,  coulans).  These  runners  are 
cylindrical,  devoid  of  leaves  in  a  part  remarkable  for  its 
length  ;  then  their  extremities  produce  roots,  and  thus 
give  origin  to  a  bud  of  leaves :  the  runners  or  lower 
branches  of  Lysimachia  communis  only  differ  from  the 
preceding  in  their  not  producing  roots  the  first  year,  but 
the  following  year  both  leaves  and  stems.  The  runners 
of  the  House-leek  differ  only  in  the  leaves  being  deve- 
loped at  the  ends  before  the  roots ;  and  on  account  of 
their  fleshy  nature,  which  makes  them  reservoirs  of 
nourishment,  may  be  separated  from  the  another  plant, 
and  then  produce  roots  for  themselves. 

Stems  which,  without  being  sufficiently  strong  to 
stand  up  by  themselves,  are  not  prostrate  upon  the 
ground,  have  a  tendency  to  support  themselves  by 
various  means  upon  neighbouring  bodies ;  they  are 
generally  said  to  be  Climbing  (grimpantes).  This  term 
is  applied  indifferently  to  all  the  various  modes  by  which 
a  stem  can  support  itself  upon  another  body — as,  for 
example,  by  means  of  cramps,  as  in  the  Ivy  ;  by  tendrils, 
as  in  the  Pea ;  by  sending  out  long  spreading  branches, 
as  in  Solandra;  or  by  being  provided  with  hooked 
hairs,  as  in  Galium  aparine ;  or  by  fixing  themselves 
by  means  of  true  roots,  as  in  Ficus  scandens,  Ferns, 
and  climbing  Orchideae ;  or  lastly,  by  twisting  in  a 
regular  spiral  manner,  as  Convolvulus,  &c.  These  last 
bear  the  special  name  of  Twining   (volubiles)   Stems, 
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and  they  deserve  our  attention  a  little  longer  than  other 
climbing  plants. 

Most  stems,  even  those  which  are  perfectly  upright, 
present  a  spiral  tendency  in  their  development.     Thus  : 

1st.  Trees  but  slightly  branched,  as  the  Fir,  are  fre- 
quently seen  to  present  this  direction  of  the  fibres  in  a 
very  decided  manner  ;  and  it  is  easily  seen  in  the  woody 
body  when  it  has  remained  for  some  time  denuded  of  the 
bark  and  exposed  much  to  the  air,  which,  by  drying  the 
surface,  causes  spiral  fissures. 

2d.  Du  Petit-Thouars  has  remarked,  that  the  epider- 
mis of  trees  with  a  smooth  stem,  as  the  Cherry  and 
Hydrangea  arhorescens,  is  more  easily  taken  off  in  a 
spiral  direction  than  in  any  other. 

3d.  The  primitive  disposition  of  the  leaves  of  Endo- 
gens  is  spiral,  and  a  great  number  of  those  of  Exogens 
are  disposed  in  the  same  way,  either  naturally  or 
accidentally.  In  PI.  9,  I  have  represented  a  very 
remarkable  monstrosity  of  the  Mint,  as  an  example 
of  spiral  development  in  one  of  the  families  where  we 
should  the  least  suspect  it.  Vaucher  has  made 
known  a  curious  example  of  Equisetuvi  Jluviatile,  the 
stem  of  which  presented  the  fibres  twisted  in  a  regular 
spire. 

Is  this  spiral  tendency  of  the  fibres  organic  or  physio- 
logical ?  Is  the  fact  itself  general  ?  I  do  not  venture 
to  affirm  this ;  I  am  bound  to  mention  these  observations 
as  connected,  it  seems  to  me,  with  the  history  of  twining 
stems.'*     Some  of  these,  such  as  the  Cohcea,  present,  in 


*  This  connexion  with  twining  stems  is  also  confirmed  by  a  curious  ob- 
servation of  M.  Leopold  de  Buch — viz.  that  in  several  species,  the  direction 
of  the  spiral  twist  of  upright  trunks  appears  as  constant  as  that  of  twining 
stems  :  thus,  lor  example,  according  to  tliis  observer,  the  Horse-chestnut 
and  Common-chestnut  turn  in  contrary  directions. 


THE    STEM    OF    VASCULAR    PLANTS.  139 

a  high  degree,  this  spiral  torsion  of  the  fibres  of  the 
stem;  it  only  commences  at  some  distance  above  the 
neck. 

Twining  stems  may  be  erect  or  prostrate  in  their 
young  state ;  but  after  some  time  they  elongate  much, 
and  twist  themselves  spirally  ;  if  they  do  not  meet  any 
body  capable  of  serving  for  their  support,  they  fall  again, 
or  sometimes  twine  round  one  another,  so  that  some 
individuals  of  the  same  species,  or  some  branches  of  the 
same  individual,  mutually  support  each  other ;  if  they 
meet  a  suitable  support,  they  twine  themselves  round  it, 
in  a  direction  constant  in  each  species — from  right  to  left, 
as  in  the  French  Bean — from  left  to  right,  as  in  the  Hop, 
This  direction  is  determined  by  supposing  oneself  placed 
in  the  centre  of  the  spire,  with  the  stem  turning  round 
his  own  body.  The  cause,  whether  physical  or  ana- 
tomical, of  the  twining  disposition  of  several  stems,  and 
the  peculiar  direction  which  affects  each,  is  perfectly  un- 
known. Some  have  thought  that  it  is  connected  with  the 
daily  course  of  the  sun,  and  its  action  upon  the  vegeta- 
tion. Although  it  would  be  very  extraordinary  for  one 
cause  to  produce  opposite  eifects,  yet  we  must  not  reject 
this  opinion  ;  and  the  ingenious  Dr.  Wollaston  conjec- 
tures that  it  might  be  verified,  if,  by  observing  individuals 
of  the  same  species,  with  twining  stems,  in  the  two 
hemispheres,  it  were  carefully  remarked  whether  they 
turned  in  the  same  or  in  opposite  directions ; — an  obser- 
vation which  is  very  simple,  and  deserves  to  be  recom- 
mended to  travellers  in  the  southern  hemisphere. 

xVlthough  it  may  be  the  cause  of  it,  I  will  add  that  in 
several  plants  this  disposition  remains  throughout  their 
whole  lives,  however  more  or  less  woody  they  may  be ; 
as,  for  example.  Wisteria  fruticosa  and  Periploca  grceca. 
There  are,  on  the  contrary,  some  plants  where  this  ten- 
dency is  only  visible  in  the  young  shoots,  and  disappears 
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in  the  woody  brandies  or  trunks,  as  is  seen  in  several 
species  of  Convolvulus  with  woody  stems. 


Article  II. — Of  the  Branches. 

Stems  are  said  to  be  Simple  (simples)  when  they 
liave  no  branches  or  ramitications  :  the  greater  number, 
on  the  contrary,  are  Branched  (rameuses,  hranchues), 
that  is  to  say,  divided  into  branches  which  bear  the 
leaves  and  flowers ;  for  the  branches  which  only  bear 
flowers  (except  in  plants  devoid  of  leaves,  as  in  Oro- 
hanche  ramosa,)  are  only  considered  as  peduncles,  and 
their  presence  does  not  prevent  the  stem  from  still  being 
designated  as  simple. 

The  branches  (rami)  always  spring  from  the  axils  of 
the  leaves  (axillares),  or  very  near  them,  either  a  little 
above  (siipra-axillares),  or  on  one  side  (extra-axillares). 
In  some  plants,  as  the  Geranium,  they  arise  opposite  the 
leaves  (oppositifolii) ;    there  is  then  almost    always    a 
fixed   connexion  between  the  primitive  position  of  the 
branches  and  tliat  of  the  leaves  ;  but  after  some   time 
this  regularity  of  the  primitive  position  is  rarely  to  be 
recognised,  on  account  of  the  great  number  of  branches 
which  die  in  their  infancy.    If  we  take  a  Pear  tree,  for 
example,  we  shall  see  a  small  bud  in  the  axil  of  each 
leaf:   all  these  buds  commence  by  growing  a  little  ;  but 
that,  or  those,  which,  by  some  peculiar  cause,  increase 
the  most,  soon  attract  all  the  sap,  and  the  others  there- 
fore perish,  sometimes  being  still  in  the  state  of  buds, 
at  others  having  already  formed  little  branches  :  such  is 
the  general  cause  of  the  irregularity  of  the  old  branches, 
com[)ared    with   the    regiflarity   of   their   origin.     This 
irregularity  only  extends,  however,  to  a  certain  limit  in 
each  species. 
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The  young  branches  almost  always  have  a  tendency  to 
take  a  direction  upwards;  but   as  they  increase  in  size, 
they  become  a  little  more  horizontal,  either  on  account 
of   their  weight,    or    because  their   extremity,    always 
seeking  the  light,  is  obliged  to  bend  towards  the  base  in 
order  to  extend  beyond  the  upper  branches.     But  if  the 
angle  formed  by  each  branch  varies  according  to   the 
age  of  it  in  most  trees,  it  is  pretty  constant  in  each 
species,  and  presents  great  differences  in  different  plants 
when  compared  together.     Thus,  when  the  angle  is  very 
acute,  we  say  that  the  branches  are  Erect  (droits,  serres), 
as  in  the   Poplar,   and  the  whole   tree  is   said    to   be 
Pyramidal     (pyramidaUs,    fastigintus ;  pyramidal)  ; 
when  the  angle  is  almost  a  right  angle,  if  the  branches 
are  placed  opposite  to  one  another,  we  say  that  tliey  are 
Straggling  (rami  divaricati ;  divergentes  ;  if  they  are 
scattered,  we  simply  call   them  Spreading   (patentes  ; 
etaUes,  ouvertes).     It  happens  in  some  individuals,  that 
the    angle,  instead  of  being  acute,  is  obtuse,  and  then 
the  branch  is  directed  towards  the  base.     "VVe  see  this  in 
certain  varieties  of  GincJco  hiloha audi Fraxinus  excelsior; 
they  are  commonly  called  by  the  name  of  the  Weeping 
or  Drooph^g  Gincko  or  Ash ;  but  we  must  not  confound 
them  with  trees  which,  as  the  "Weeping  Willow,  have 
their  branches  so  long  and  weak  that  they  fall  down  at 
their    extremities.       The    former     have     the    branches 
Turned  backwards  (retroversi ;  rebroussisj,  that  is  to 
say,  directed  downwards   from  their  origin  ;  the  latter 
have  them  Pendulous  (penduli ;  pendans),  that  is,  erect 
at  their  origin,  and  afterwards  falling  down  on  account 
of  their  weight. 

In  general,  the  lower  branches  are  longer  than  the 
upper,  because  they  are  ahvays  older  ;  this  difference  in 
length  is  scarcely  perceptible  in  trees  with  upright 
branches,  but  is  much  so  in  those  with  spreading  ones, 
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and  is  usually  in  proportion  to  the  angle  which  the 
branches  form  with  the  trunk. 

When  the  lower  branches  are  not  able  to  extend,  as 
happens  in  forests,  or  in  certain  trees  by  the  natural 
effect  of  their  growth,  they  perish  by  degrees,  and  thus 
arises  the  denudation  of  the  trunk  of  trees. 

Generally,  the  lower  branches  of  large  trees  are 
parallel  with  the  ground ;  and  this  is  true,  not  only  when 
they  grow  on  horizontal  ground,  which  explains  itself, 
but  also  when  they  are  placed  upon  a  hill ;  in  this  case 
the  lower  branches  of  the  cyme  remain  parallel  with  the 
surface.  This  parallelism  with  the  ground  is  also  found 
in  individuals  of  which  the  trunk  itself  is  oblique  to  the 
horizon.  Dodart,  who  first  insisted  upon  this  popular 
observation  (Acad,  Science,  1699,  p.  60),  remarks  that 
the  roots  almost  always  spread  out  parallel  to  the  surface ; 
it  results  then  that  the  plane  of  the  branches  is  parallel 
to  that  of  the  roots  :  in  order  to  explain  this,  he  sup- 
poses that  the  fibres  of  plants  have  a  determined  length, 
and  that  being  continuous  from  the  extremity  of  the 
root  to  that  of  the  branch,  it  is  necessary,  to  preserve 
the  same  length,  that  they  should  form  angles.  But  we 
cannot  maintain  the  principle  of  the  fixed  length  of  the 
fibres,  for  it  is  sufficient  to  expose  a  branch  to  favour- 
able circumstances,  to  make  it  grow  indefinitely.  This 
parallelism  is  explained,  on  the  contrary,  very  easily,  by 
the  proportion  which  all  the  branches  and  roots  generally 
preserve  during  their  growth. 

It  is  a  pretty  constant  observation,  that  a  large  branch 
corresponds  to  a  large  root,  and  vice  versa ;  and  this  is 
equally  true,  whether  a  root,  placed  in  favourable  cir- 
cumstances, causes  the  increase  of  the  branch  which  is 
above  it,  or  the  branch,  similarly  situated,  makes  the 
root  which  corresponds  to  it  to  be  developed.  But  in 
trees  which  grow  upon  hills,  the  two  sides  of  the  root 
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are  not  in  an  equal  position  ;  those  on  the  upper  ought 
not  to  grow  as  much  as  those  on  the  lower  side,  because 
they  cannot  go  above  their  level,  and  at  a  certain  depth 
they  do  not  feel  the  beneficial  influence  of  the  atmo- 
sphere; those  of  the  lower  surface,  on  the  contrary, 
ought  to  grow  with  the  greatest  facility ;  consequently, 
the  branches  of  the  lower  side  will  elongate  more  than 
those  of  the  upper :  but  tlie  longest  branches  are  those 
which,  by  their  weight  and  tendency  towards  the  light, 
are  obliged  to  spread  out  more ;  the  lovt'er  branches  then 
will  be  more  spreading  than  the  upper,  whence  results 
this  rude  parallelism  of  the  branches  with  the  ground : 
and  in  fact  it  is  only  apparent  in  trees  with  spreading 
branches,  and  we  always  remark  that  the  upper  side  of 
the  cyme  is  smaller  than  the  other. 


Section  II. 

Of  the  Stems  of  Exorjens  or  Dicotyledons. 

The  stem  of  Exogens  presents  an  organization  more 
complicated  than  all  others  ;  and  if  I  commence  by  ex- 
amining this  class,  I  do  so  because  it  is  much  better 
known  than  the  two  others  ;  because  the  multiplicity 
even  of  its  organs  causes  each  to  perform  a  function 
more  easy  to  describe  ;  and  because,  containing  more- 
over all  the  trees  of  our  climate,  it  naturally  presents 
itself  to  our  notice. 

We  meet  with,  at  first  sight,  two  very  distinct  parts 
in  the  stem  of  Exogens — viz.  the  Woody  Body,  or 
Central  System  (corps  Ugneux,  ou  sysieme  central), 
which  is  placed  in  the  centre,  and  forms  the  principal 
part  of  the  trunk  ;  and  the  Cortical  Body  or  System 
{corps  ou  sysieme  cortical),  or  the  Bark,  which  surrounds 
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the  woody  body.  Each  of  these  parts  presents  two 
portions,  which  are  distinct,  and  placed  in  an  inverse 
direction  to  one  another.  The  parenchymatous  part  of 
the  woody  body,  the  Central  Pith  {moelle  centrale,)  or 
the  Pith  (moelle)  properly  so  called,  occupies  the 
centre ;  and  the  fibrous  part,  which  composes  the  Wood 
(hois)  and  the  Alburum  (auhier),  is  disposed  in 
layers  around  the  pith.  On  the  contrary,  in  the  bark, 
the  parenchymatous  part,  or  the  Cortical  Pith 
(moelle  corticale),  which  bears  the  nameof  the  Cellular 
Envelope,  (ejiveloppe  cellulaire,)  is  found  on  the 
outside ;  and  the  fibrous  part,  which  includes  the  Cor- 
tical Layers,  (couches  cortkales,)  and  the  Liber 
(liber),  is  in  the  interior.  The  woody  and  corticcd  bodies, 
then,  are  two  parts  organized  in  an  inverse  direction  to 
one  another.  We  shall  first  study  each  of  these  organs 
considered  separately,  in  order  afterwards  to  give  some 
general  observations  upon  them  taken  together. 


Art.  J. — Of  the  Central  or  Woody  System. 
§  \. — General  Considerations. 

The  Central  vSystem  or  Woody  Body  of  a  tree,  taken 
collectively,  is  composed  of  an  indefinite  number  of 
very  elongated  cones,  inserted  upon  one  another ;  and 
which,  when  cut  horizontally,  present  so  many  concentric 
layers.  Each  of  these  layers  is  composed,  as  Dutrochet 
has  well  established,  of  two  principal  parts; — 1st,  a  band 
of  cellular  tissue,  situated  on  the  inner  side  ;  and,  2d,  a 
band  of  fibres,  or  bundles  of  vessels  and  elongated 
cellules,  placed  on  the  outer  side.  Consequently,  the 
innermost  or  oldest  layer  presents  the  band  of  cellular 
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tissue  under  the  form  of  a  central  cylinder  ;  this  is  what 
forms  the  pith  properly  so  called  ;  and  all  the  following 
layers  present  this  cellular  tissue  under  the  form  of  a 
more  or  less  narrow  belt,  which  separates  the  belt  of 
fibres  of  the  preceding  year  from  that  of  the  present. 
All  this  apparatus  is  traversed,  from  the  centre  to  the 
circumference,  by  laminae  of  an  analogous  nature  to  the 
pith,  which,  in  a  transverse  section,  have  the  appearance 
of  the  spokes  of  a  wheel,  or  the  hour-lines  of  a  dial,  and 
have  received  the  name  of  Medullary  Rays  (rayons 
mkduUaires). 

We  now  proceed  to  examine,  successively,  these  dif- 
ferent parts. 


§2.— Of  the  Central  Pith. 

If  we  cut  transversely  a  stem  of  the  Elder,  for  example, 
or  of  any  other  Exogenous  tree,  we  observe  in  the 
centre,  a  canal,  usually  angular,  or  nearly  cylindrical,  to 
which  Grew  gave  the  name  of  the  Medullary  Cavity,  and 
which  is  generally  called  the  Medullary  Canal  (canalis 
medullaris ;  canal  meduUaire).  This  canal  is  full — at 
least  in  the  infancy  of  the  branches — of  round  cellular 
tissue,  to  which  the  name  of  the  Pith  (medulla;  mo'elle) 
has  been  given,  because  it  occupies  the  centre  of  the 
wood,  as  the  marrow  fills  the  central  cavity  of  the  long 
bones  of  animals. 

The  cellules,  of  which  the  pith  is  composed,  are 
usually  more  regular,  larger,  more  dilated,  and  of  a 
more  spongy  texture,  than  those  of  the  rest  of  the 
tissue.  In  several  plants  this  cellular  tissue  composes  the 
whole  of  the  pith  :  in  a  large  number  we  find  a  circular 
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row  of  fibres,  isolated  from  one  another,  and  dispersed  in 
the  pith  upon  tlie  outer  border  of  the  canal.  Hedwig 
designated  them,  in  his  first  works,  by  the  flame  of  Vasa 
fibrosa ;  and  I  called  them  Medullary  Fibres  {fihrce 
medullar es  ;  fibres  medullaires ) .  Lastly,  in  a  small 
number  of  Exogens,  these  same  fibres,  instead  of  being 
arranged  circularly,  are  scattered  throughout  the  whole 
pith  ;  we  remark  this  easily  in  the  stem  of  Ferula  com- 
munis (PI.  2,  fig.  3);  and  Mirbel  has  also  observed  it  in 
that  of  the  Marvel  of  Peru.  The  stems  of  Ferula  have  the 
pith  very  large,  intermixed  with  scattered  fibres,  and  the 
woody  body  scarcely  visible,  as  happens  in  most  annual 
stems ;  so  that,  at  first  sight,  one  would  be  inclined  to 
take  them  for  Endogens.  These  Medullary  Fibres 
sometimes  become  coloured,  when  the  young  stems  are 
soaked  in  coloured  water,  which  shows  that  they  give 
passage  to  the  sap  :  the  cellular  part  never  becomes 
coloured  in  these  experiments.  This  was  likewise  the 
result,  both  from  trials  by  the  Jesuit  Serrabat,  who, 
under  the  name  of  Delabaisse,  has  published  a  Disser- 
tation upon  the  circulation  of  the  Sap,  and  from  my 
own  experiments  upon  this  subject. 

The  Medullary  Sheath  (vagina  medullar  is ;  etui 
medullaire)  is  a  woody  layer  which  immediately  sur- 
rounds the  pith.  Du  Petit-Thouars  observes,  that  it 
seems  to  form  a  cylinder  continued  from  the  top  even  to 
the  bottom  of  the  tree ;  but  that,  like  the  pith,  it  is  com- 
posed of  as  many  parts  as  there  are  shoots.  It  is  a  layer 
of  woody  fibres,  in  which  are  found  Tracheae,  capable  of 
being  unrolled,  not  only  in  the  first  year,  but,  as  Mirbel 
and  Du  Petit-Thouars  have  observed,  in  very  aged 
trunks.  'In  several  trees  this  Medullary  Sheath  pre- 
serves, even  in  the  old  branches,  a  green  colour,  which 
shows  that  it  is  still  endowed  with  vitality ;  Senebier  has 
seen  this  in  Phytolacca,  and  I  have  remarked  it  also  in 
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the  Chestnut,  the  Catalpa,  &c.  It  appears  that  Hill 
was  the  first  who  observed  this  organ  ;  he  has  named  it 
Corona,  and  regards  it  as  the  principal  agent  of  vege- 
tation. In  several  trees,  and  especially  in  those  with 
alternate  leaves,  the  pith  forms  a  continuous  canal  from 
one  end  of  the  tree  to  the  other,  but  plainly  contracted 
at  each  new  shoot.  In  others,  on  the  contrary,  such  as 
the  Chestnut,  the  Ash,  the  Vine,  which  have  all  oppo- 
site leaves,  the  pith  is  interrupted,  at  each  node  'or 
annual  shoot,  by  a  kind  of  woody  partition.  The  same 
thing  takes  place,  in  a  still  more  evident  manner,  in 
articulated  stems  ;  for  example,  in  that  of  Cacalia  arti- 
culata. 

The  mass  of  cellular  tissue  of  the  pith  varies  much  in 
different  species  :  herbs  and  shrubs  have  generally  more 
than  trees.  The  Ferula  has  it  the  largest  that  I  have 
ever  seen,  in  proportion  to  the  diameter  of  the  stem. 
Among  trees,  those  with  very  hard  wood  seem  in 
general  to  have  less  than  others  :  the  Ebony  (Dios- 
pyros  Ehenum)  and  Lignum  Vita;  (Guiacum  officinale) 
have  very  little ;  the  Pear  and  Oak  a  little  more  ;  the 
Elder,  the  White  Thorn,  the  Fig,  the  Sumach,  and  the 
Chestnut,  have  still  more. 

The  size  of  the  cellules  of  the  pith  is  also  very  vari- 
able, if  different  species  are  compared  together.  The 
Elder  and  Thistle  have  both  a  large  quantity  of  pith  ; 
but  in  the  former  it  is  composed  of  a  great  number  of 
very  small  cellules  :  in  the  latter,  of  a  less  number  of 
much  larger  ones. 

The  Medullary  Canal  in  young  shoots,  instead  of 
being  cjlindrical,  frequently  presents  regularly  placed 
angles.  These  are  connected  with  the  disposition  of  the 
leaves  upon  the  branch.  This  interesting  observation  of 
Palisot  de  Beauvois  and  Du  Petit-Thouars,  has  not 
been  applied  to  a  sufficiently  large  number  of  species  to 

r    ^ 


148  VEGETABLE    ORGANOGRAPHY. 

enable  us  to  derive  from  it  any  important  conclusions; 
but  it  well  deserves  further  attention. 

But  in  order  to  form  a  just  idea  of  the  pith,  it  is  less 
important  to  study  the  variations  which  it  presents  in 
different  plants,  than  to  follow  its  whole  history  in  a 
single  individual ;  this  is  what  we  shall  try  to  do  in  a 
rapid  manner. 

The  pith  of  a  very  young  shoot  is  a  regular  cellular 
tissue,  continuous,  or  strictly  contiguous  in  all  its  parts 
(one  entire  piece  ;  Grew,  p.  120),  and  full  of  juice,  which 
renders  it  soft,  and  gives  it  a  green  herbaceous  colour. 
As  vegetation  proceeds,  the  cellules  of  this  tissue  become 
empty,  and  dry  up  more  or  less  quickly,  according  to  the 
species,  and  take  a  white,  or,  in  some  trees,  a  brownish 
tint,  and  then,  in  different  stems,  one  of  the  three  fol- 
lowing phenomena  takes  place  :  if  the  pith  is  tolerably 
firm,  and  as  its  cellules  may  be  small,  or  at  least  capable 
of  being  stretched  without  tearing,  as,  for  example,  in 
the  Elder  and  Chestnut,  it  then  dries  up  gradually,  and, 
at  the  end  of  the  first  year,  takes  the  appearance  of  a 
dried  cellular  tissue,  but  preserves  all  its  original  form. 
In  some  trees,  as  the  Oak,  the  cellular  tissue  of  the  pith 
solidifies,  and  becomes  hard  and  compact,  but  without 
losing  its  primitive  form.  If  the  pith  has  large  cellules, 
or  a  tissue  which  is  not  capable  of  extension,  it  is  then 
broken  transversely,  or  longitudinally,  according  as  it  is 
'  drawn  by  the  elongation  or  enlargement  of  the  branch. 
Thus  in  certain  stems,  such  as  those  of  the  Walnut,  the 
/  common  Jessamine,  &c.,  the  elongation  of  the  young 
shoots  breaks  the  pith  transversely,  and  forms,  at  the 
end  of  the  first  year,  little  transverse  disks  of  dried  pith, 
separated  by  so  many  disciform  cavities. 

If,  on  the  contrary,  the  increase  in  diameter  is  propor- 
tionally greater  than  the  elongation,  the  pith  then  splits 
longitudinally,  as  in  the  Thistle,  Phlomis,  and,  in  general, 
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in  herbaceous  stems,  in  which  the  medullary  canal  is 
hollowed  out  into  a  longitudinal  tube,  either  in  the  first 
year,  or  sometimes  a  little  afterwards,  when  the  first 
woody  layer  begins  to  dilate. 

But  what  becomes  of  this  pith  after  the  first  year  ? 
This  question  is,  in  reality,  more  curious  than  useful ; 
for  the  pith,  being  dried  up  and  inert,  does  not  appear 
to  have  any  function.  Grew  was  the  first  who  advanced 
that  it  was  smaller  in  a  branch  of  two  years'  growth  than 
in  that  of  one ;  that  it  was  still  more  diminished  in  one 
of  three  years ;  and  thus  it  continued  to  decrease  as  it 
advanced  in  age  :  whence  he  appears  to  infer  that  it 
vanishes  after  some  time.  Duhamel  positively  asserted 
this  disappearance  of  the  pith  in  old  trunks  ;  "  by  de- 
grees," he  says,  "  the  medullary  canal  diminishes  in 
diameter;  and  in  large  trees  (those  same  which,  in 
their  young  state,  have  most  pith),  neither  the  canal  or 
medullary  substance  are  any  longer  to  be  seen."  (Phys. 
Arb.  i.  p.  37.) 

Mustel  also  admits  this  disappearance  of  the  dried 
pith,  and  the  formation  of  new  woody  layers  in  the  inte- 
rior of  the  medullary  canal  {Traite  Vigtt.  i.  p.  62). 

Mirbel  also  says,  in  his  Histoire  des  Plantes,  Vol.  I. 
p.  194,  that  an  interior  liber  (of  which  he  admits  the 
existence)  is  developed,  and  that  the  pith  completely  dis- 
appears. Almost  all  modern  authors  agree  with  this 
opinion.  Senebier  appears  to  admit  as  a  certain  fact 
this  disappearance  of  the  pith,  since  he  searches  for 
means  to  explain  it ;  but  he  appears  to  beheve  that  this 
phenomenon  is  not  general  in  all  trees.  Varennes  de 
Fenille  has  been  the  first  to  remove  the  doubt  from  the 
assertion  of  Duhamel,  by  saying  that  he  possesses  two 
specimens  which  prove  the  contrary.  But  in  these  later 
times,  Mr.  Knight  (Philosophical  Transactions,  1801) 
and  Du  Petit-Thouars  appear  to  me  to  have  brought  to 
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light,  in  the  most  evident  manner,  a  contrary  proposition 
to  that  of  Duliamel ;  that  is  to  say,  the  non-disappearance 
of  the  pith  in  old  trunks.  Their  testimony  is  confirmed 
by  Desfontaines,  Jussieu,  and  Labillardiere,  who  have 
found  the  pith  in  old  trunks  of  the  Hawthorn,  Beech, 
Elder,  Oak,  and  Elm;  and  I  have  myself  verified  it  in 
several  trees,  such  as  the  common  Chestnut  and  the 
Ailanthus. 

How  then  is  it  that  a  question,  in  appearance  so 
simple  as  that  of  knowing  whether  or  not  there  is  any 
pith  in  old  trunks,  has  been  for  so  long  a  time  a  subject 
of  doubt  and  uncertainty  ?  It  is  that  it  has  not  been  suf- 
ficiently remarked,  that  all  young  branches  have  not  a 
"uniform  diameter,  and  that  their  medullary  canal  is  in 
proportion  to  their  size  :  thus,  for  example,  the  strong 
young  branches  of  the  Elder  have  a  pith,  the  diameter  of 
which  is  at  least  double  that  of  the  fruit-bearing  branches. 
Du  Petit-Thouars  has  also  remarked,  that  in  the  young 
branches  of  this  tree,  the  diameter  of  the  pith  varies  in 
different  proportions,  from  one  to  nine  lines.  These 
variations  are  found  in  almost  all  trees ;  so  that  if  we 
were  to  examine  a  very  large  young  shoot,  and  after- 
wards a  branch  proceeding  from  a  slenderer  young 
shoot,  we  should  decide  that  the  pith  has  diminished, 
exactly  as  we  would  decide  the  contrary  if  we  compared 
a  very  slender  young  shoot,  with  a  branch  produced  by 
a  very  vigorous  one.  The  very  hard  trunks  in  which 
the  medullary  canal  is  scarcely  visible,  proceed  from 
branches  which,  in  their  young  state,  had  an  extremely 
small  pith.  Those  with  a  visible  pith  proceed  from 
branches  which  had,  in  their  young  state,  an  abundant 
pith ;  and  the  same  tree  sometimes  presents  these  two 
kinds  of  branches. 

If  so  simple  a  fact  as  the  existence  or  the  disappear- 
ance of  the  pith  in  old  trunks  be  disputed,  we  know 
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that,  with  greater  reason,  we  cannot  agree  with  regard 
to  the  use  of  it.  The  older  naturaUsts,  and  some  modern 
ones,  who  believe  in  the  sensibiKty  of  plants,  regarded 
it  as  being  analogous  to  the  brain ;  but  can  this  be  a 
brain  which  is  obliterated  each  year,  and  is  absent  in  so 
many  plants?  Others,  as  the  similitude  of  the  names 
indicates,  have  compared  it  with  the  marrow  of  the 
bones  of  animals ;  but  the  marrow  is  permanent  and 
continues  fresh,  and  the  pith  becomes  obliterated.  Hales 
and  Mustel  compare  it  with  the  substance  which  fills  the 
young  feathers  of  birds,  which  dries  up  when  they  have 
increased  in  size,  and  becomes,  like  the  pith,  a  receptacle 
of  air.  Others  have  compared  it  with  the  heart,  lungs, 
stomach,  &c.  ;  but  let  us  quit  these  useless  comparisons, 
and  endeavour  to  study  this  organ  considered  by  itself. 

Cesalpinus  and  Limiaeus  thought  that  the  pith  gives 
origin  to  the  pistil ;  they  have  been  induced  to  form  this 
opinion  from  the  similarity  of  situation  which  the  pistil 
and  pith  occupy  in  the  flower  and  the  wood.  But  all 
Endogenous  plants,  in  which  there  is  no  central  pith,  have 
also  a  pistil,  which  is  likewise  in  the  centre  of  the  flower. 

Magnol  believed  that  the  pith  is  destined  to  elaborate 
the  more  perfect  juices,  not  those  which  are  necessary 
for  the  simple  nourishment  of  the  wood,  but  such  as  are 
made  for  the  fruit ;  and  he  tries  to  prove  his  opinion  by 
mentioning  some  trees  with  an  abundant  pith  which  bear 
much  fruit.  But  the  branches  which  are  not  destined  to 
bear  fruit,  are  not  provided  with  less  pith  than  the  fruit 
branches;  several  Exogens  might  be  mentioned  which 
bear  much  fruit,  and  have  very  little  pith ;  and,  lastly,  in 
most  trees,  the  pith  dries  up  before  the  time  of  flowering. 

It  was,  doubtless,  an  idea  analogous  to  that  of  Mag- 
nol which  has  led  crardeners  to  sav  that  in  order  to 
obtain  stoneless  fruits  it  is  sufficient  to  destroy  the  pith 
of  the  trees.    Duhamel,  who  performed  this  experiment. 
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found  that  if  the  branch  sur\aved  this  operation  and  bore 
fruit,  these  fruits  had  stones  as  usual. "  Finally,  the 
presence  of  the  pith  in  branches  which  are  not  destined 
to  bear  flowers,  sufficiently  proves  that  the  use  of  this 
organ  is  not  connected  with  the  flowering. 

Borelli  and  Hales  attribute  to  the  pith  a  powerful 
action  in  vegetation  ;  they  think  that  this  spongy  sub- 
stance, placed  at  the  extremity  of  the  branches,  attracts 
the  moisture ;  that  it  adheres  there  strongly ;  that  the 
sun  endeavours  to  separate  it ;  and  that  from  this  action 
results  the  elongation  of  the  fibres :  this  explanation  is 
so  far  removed  from  the  more  simple  notions  of  phy- 
siology, that  it  is  needless  to  refute  it. 

Malpighi  thought  that  the  sap  ascends  through  the 
wood,  that  it  is  carried  into  the  pith  through  the  medul- 
lary rays,  and  that  there  it  receives  a  peculiar  elaboration. 
Plenck,  who  adopts  the  idea  of  Malpighi,  adds  that  the 
pith  is  a  receptacle  of  the  nourishment  which  the  young 
shoot  absorbs  in  the  time  of  drought.  These  last  authors 
came  very  near  the  truth  ;  but  they  have  too  much 
neglected  an  essential  circumstance,  viz.,  that  the  pith 
has  no  physiological  life,  action,  or  existence,  but 
during  the  first  period  of  the  development  of  the  bud ; 
and  that,  when  this  epoch  has  passed,  it  becomes  flaccid 
and  useless  ;  it  is  then  a  receptacle  of  nourishment 
destined  to  support  the  young  shoot  until  it  has  de- 
veloped its  leaves,  when  it  can  obtain  it  for  itself.  It 
is,  if  I  may  thus  venture  to  express  myself,  the  Cotyle- 
don of  the  bud,  provided  that  this  expression  is  employed 
in  connexion  with  the  physiological  use  of  the  organ, 
and  not  with  its  organographical  function. 

Such  is  the  manner  in  which,  from  general  facts,  I 
have  represented  the  use  of  the  pith  in  the  public  course 
of  Vegetable  Physiology  which  I  gave  in  the  College  de 
France  in  1802.     Since  then  I  have  had  the  satisfaction 
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of  seeing  a  distinguished  observer  arrive  at  the  same  con- 
clusions, and  support  them  by  a  very  curious  fact.  Du 
Petit-Thouars  has  remarked  that  the  Lecythis,  which  is 
certainly  an  Exogenous  plant,  germinates  without  ap- 
parent cotyledons,*  but  that  its  first  shoot  has  a  very 
large  pith,  which  serves  to  nourish  the  young  plant,  and 
thus  performs,  physiologically,  the  function  of  the  coty- 
ledons, as  the  ordinary  pith  does  for  the  buds.  After  it 
dries  up  (if  it  be  of  any  use,  which  is  very  doubtful)  it 
can  only,  as  Grew  has  thought,  become  a  receptacle  of 
atmospheric  air.  In  the  article  upon  the  Medullary 
Rays,  we  shall  speak  of  the  analogy  of  the  pith  with  the 
cellular  envelope,  and  the  rays  which  unite  these  two 
organs. 

All  that  we  have  said  of  the  Central  Pith,  applies, 
with  slight  differences,  to  those  of  following  years,  each 
of  which,  under  the  form  of  a  Medullary  Zone,  repre- 
sents the  central  one  ;  it  results  from  their  position  that 
their  form  is  very  different,  but  their  analogy  of  nature 
is  perceptible.  We  may  be  assured  of  this  by  examining 
certain  trees,  such  as  the  Rhus  Typhinum,  in  which  the 
pith  is  coloured,  and  where  we  observe  a  similar  colour- 
ing to  that  of  the  centre  in  those  of  following  years. 
These  last  are  never  broken  as  the  centre  one,  owing  to 
their  position  ;  but  they  follow,  moreover,  the  same 
changes ;  at  first  they  are  fresh  and  full  of  juice,  and 
finish  by  drying  up  or  solidifying.  When  a  small  piece 
of  wood  is  macerated,  its  cellular  parts,  never  being  of  the 
same  density  as  the  fibrous  zones,  are  first  changed,  and 
the  latter  are  then  obtained,  more  or  less  detached  from 
one  another,  by  the  disappearance  of  the  intermediate 
cellular  tissue. 

*  The  true  cotyledons  of  this  genus  appear  to  be  so  intknately  joined 
together  that  they  cannot  be  separated,  and  form  an  undivided  embryo, 
similar  to  that  of  Monocotyledons.     (See  Book  III.  chap.  iv.  sect,  iv.) 
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§  3. — Of  the  "Woody  Layers  of  the  Wood  and  of  the 

Alburnum. 

Between  the  central  pith  and  the  bark  are  found  con- 
centric layers  or  zones,  which  bear  the  name  of  the 
Woody  Layers  (strata  lignea,  involucra  lignea, 
Malp. ;  couches  ligneuses).  The  assemblage  of  these 
layers  forms  that  which  is  commonly  called  the  Wood 
(hois)  of  the  tree  ;  that  which  Malpighi  calls  the 
Woody  Portion  (lignea  portio J,  and  others  the  Woody 
Body  (corpus  ligneum;  corps  ligneux),  or  Central  Sys- 
tem (systeme  central).  Grew  designates  it  under  the 
name  of  the  Main  Body.  This  part,  which  forms  the 
solid  base  of  trees,  presents  in  old  trunks  two  different 
appearances;  1st.  The  central  layers,  which  are  harder, 
more  coloured,  and  evidently  older  than  the  external; 
these  form  that  which  writers  call  the  Heart-w-god;  that 
which  naturalists  designate  under  the  name  of  W^ood 
(lignum ;  hois),  or  Perfect  Wood  (hois  parfait)  ;  and 
that  which  Dutrochet  has  recently  proposed  to  call  Du- 
ramen. 2d.  The  external  layers  are  more  tender,  of  a 
white  colour,  and  evidently  of  a  later  date  than  the  pre- 
ceding ;  they  form  the  part  which  has  received  the  name 
of  the  Alburnum  (alhurnum;  a/iwrwa,  Malp. ;  auhier) 
on  account  of  its  whiteness,  or  of  the  Imperfect  Wood 
(hois  imparfait),  because  of  its  age,  compared  with  the 
Perfect  Wood. 

In  order  to  comprehend  well  the  difference  which  is 
found  between  the  Wood  and  the  Alburnum,  it  is  neces- 
sary to  anticipate  a  little  that  which  we  shall  hereafter 
say  upon  the  formation  of  the  Woody  Layers.  Around 
the  Medullary  Canal  there  is  formed,  during  the  first 
year,  a  layer  which  immediately  surrounds  this  canal ; 
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in  the  second  year,  a  second  layer,  placed  immediately 
on  the  outside  of  the  first,  surrounds  it  again  on  all 
sides ;  and,  in  like  manner,  year  after  year ;  the  only 
essential  difference  which  is  observed  between  the  fixst 
and  following  layers,  is  that  the  first  presents,  even  at 
an  advanced  age,  tracheae  in  a  state  capable  of  unrol- 
ling ;  and  that  in  the  following,  even  in  a  young  state, 
there  are  only  found  striped  or  dotted  vessels.  Each 
year  the  vessels  already  formed  acquire  more  hardness 
and  firmness,  because  the  juices  which  traverse  them  are 
continually  depositing  small  particles  in  them.  It  hap- 
pens that  after  an  indefinite  number  of  years  the  layers 
are  unable  to  take  any  farther  consistence  ;  those  which 
are  still  sufficiently  young  to  acquire  new  particles,  form 
the  Alburnum;  those  which  cannot  acquire  more,  the 
Wood,  We  know,  from  this  plain  and  simple  expo- 
sition of  the  fact,  that  the  alburnum  is  less  tenacious, 
firm,  and  compact,  than  the  wood;  we  know  that  the 
different  layers  of  the  alburnum  can  present  different 
degrees  of  firmness  according  to  their  age  ;  whilst 
those  of  the  wood,  having  arrived  at  their  maximmn 
of  hardening,  ought  to  present  a  more  homogeneous 
mass,  although  all  of  different  ages. 

In  some  trees,  and  especially  in  those  which  are  not 
very  hard,  the  line  of  demarcation  of  the  wood  and 
alburnum  is  hardly  perceptible  ;  we  see  this  in  the  Pop- 
lar, the  Willow,  the  Chestnut,  the  Bomhax,  &c. :  on  the 
contrary,  in  hard  woods,  this  line  is  readily  distinguished 
by  the  hardness  and  colour  of  the  organs ;  thus,  in  the 
Ebony,  the  wood  is,  as  every  one  knows,  perfectly  black, 
whilst  the  alburnum  is  white  (PL  5,  fig.  9)  ;  in  Cercis 
Siliquastrum  the  wood  is  yellow  and  the  alburnum 
white  ;  in  PhiUyrea  the  wood  is  brownish  yellow,  the 
alburnum  white  ;  but  in  this  last  species  the  perfect 
wood   is    only  found  in  very  old    trees ;    and    I  have 
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remarked  as  many  as  fifty  layers  of  the  alburnum  in 
Pldllyreas  about  200  years  old,  which  I  have  been 
obliged  to  cut  down  in  the  part  of  the  Garden  of  Mont- 
pellier  planted  by  Belleval. 

We  easily  understand  that  in  trees  of  different  species 
there  must  exist  numerous  varieties  in  the  number, 
thickness,  hardness,  and  colour  of  the  layers  of  the 
alburnum,  compared  with  those  of  the  wood ;  but  in 
each  species  itself,  some  differences  are  also  found  in 
different  individuals.  Ttius,  in  general,  trees  which 
grow  in  damp  places,  or  during  wet  seasons,  have  more 
alburnum  than  those  which  grow  in  dry  places,  or  dur- 
ing dry  years.  Duhamel  assures  us  that  in  different 
stunted  oaks  he  has  counted  from  seven  to  twenty-five 
layers  of  the  alburnum. 

The  relation  of  the  thickness  of  the  alburnum  to  the 
wood  varies  in  different  species  and  different  individuals, 
not  only  from  the  preceding  causes,  but,  moreover,  from 
the  age  of  the  tree.    Thus,  the  alburnum  is  equal  to  the 
wood  in  an  oak  six  inches  in  diameter ;  it  is  as  two  to 
seven  in  a  trunk  of  a  foot ;  as  one  to  nine  in  one  of  two 
feet,  &c. ;  still  these  proportions  given  by  Duhamel  are 
very  variable.     Mustel  has  observed  that  different  parts 
of  the  same  layer  of  the  alburnum  maybe  transformed  into 
perfect  wood  at  different  periods ;  thus  he  has  seen  some 
Oaks  which   had,   on  one  side,  fourteen  layers  of  the 
alburnum,  on  the  other,  twenty  ;  or,  on  one  side  seven, 
on  the  other  twenty-two,  &c.     The  layers  of  the  albur- 
num are  almost  always  thicker  on  the  side  where  they 
are  less  numerous ;  that  is  to  say,  in  other  terms,  that 
when  a  root  meets  a  good  stratum  of  earth,  it  nourishes 
the  corresponding  part  of  the   tree  more  abundantly. 
Those  parts  which  are  most  nourished  have  the  woody 
layers  thicker,  and  they  arrive  more  quickly  to  the  state 
of  perfect  wood,  whilst  the  roots  which  fall  in  with  poor 
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strata  badly  nourish  the  corresponding  parts  ;  and,  con- 
sequently, these  have  the  layers  thinner,  and  they 
remain  a  longer  time  before  they  attain  their  complete 
hardness. 

All  workmen  know  very  well  that  the  alburnum  is 
less  solid  than  the  wood,  and  take  care  to  separate  it 
from  the  latter  when  they  use  it  for  building  purposes, 
&c.  BufTon,  who  performed  with  Duhamel  some  im- 
portant experiments  upon  this  subject,  found  that  in 
the  Oak  the  difference  of  solidity  of  the  alburnum  and 
the  wood,  is  as  six  to  seven.  But  the  principal  cause  for 
which  the  alburnum  is  carefully  rejected  from  the  wood  in 
building,  is  that  on  account  of  its  looser  tissue  it  is  more 
liable  than  the  latter  to  be  affected  by  moisture,  worms, 
and  insects.  We  often  find  stakes  placed  in  wet  situa- 
tions, with  the  alburnum  either  entirely  decayed,  or  per- 
ceptibly changed,  while  the  wood  is  still  very  sound.  In 
order  to  remedy  this  inconvenience,  Duhamel  and  Buffon 
proposed,  from  their  own  experiments,  to  rind  trees  a 
year  before  they  are  cut  down ;  by  this  the  tree  is  pre- 
vented from  forming  a  new  layer  of  the  alburnum,  and 
the  nourishment  which  would  have  been  employed  in 
developing  this  new  layer,  being  distributed  to  the 
layers  of  alburnum  already  formed,  causes  them  to 
become  almost  as  hard  as  perfect  wood.  This  method 
ought  to  be  practised  with  timber  destined  for  ship-build- 
ing in  particular,  because  this  hardened  alburnum  is  less 
liable  to  be  attacked  by  the  Teredo  ;  it  is,  however,  rarely 
practised  ;  and  it  is  asserted  that  it  has  the  inconvenience 
of  rendering  the  wood  more  brittle. 

If  we  except  the  medullary  part,  each  layer,  whether 
of  the  wood  or  alburnum,  is  composed  of  porous  or 
striped  vessels,  intermixed  with  elongated  cellular  tis- 
sue ;  this  is  so  much  the  more  elongated  the  harder  the 
wood  is  destined  to  become.     The  vessels  are  in  general 
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Striped  transversely,  in  soft  wood,  and  dotted  in  hard. 
The  only  organic  difference  which  exists  between  the 
wood  and  the  alburnum  is,  that  the  interior  of  the  cel- 
lules, and  perhaps  of  the  vessels,  is  usually  encrusted  in 
the  former,  whilst  it  is  empty,  or  filled  with  less  solid 
juices  in  the  latter,  which,  consequently,  has  the  mem- 
branous tissue  more  transparent.  Dutrochet  has  proved 
that  the  hardness  of  different  woods,  and  of  the  wood 
and  the  alburnum,  results  from  the  nature  of  the  juice 
deposited  in  their  tissue,  and  not  from  the  tissue  itself, 
which  appears  identical.  By  heating  Ebony  in  nitric 
acid,  the  black  matter  is  dissolved  out,  and  the  tissue 
remains  of  a  pearly  white  colour.  It  is  the  same  with 
all  coloured  woods  :  the  tissue  of  the  Box  and  Poplar, 
although  these  woods  differ  much  in  their  density,  be- 
comes similar  when  the  matter  with  which  it  is  filled  is 
dissolved  out  by  nitric  acid. 

Each  woody  layer,  in  Exogenous  trees,  is  the  product 
of  the  vegetation  of  one  year ;  but  Duhamel  thinks  that 
it  is  not  formed  all  at  once  :  he  says  that  each  layer  is 
itself  composed  of  an  indefinite  number  of  little  parallel 
layers,  or  rather,  that  it  is  continually  growing  during 
the  whole  year,  but  with  more  or  less  activity  at  dif- 
ferent seasons.  Duhamel  has  demonstrated  his  opinion 
by  an  apparently  simple  experiment ; — in  the  beginning 
of  the  spring  he  raised  up  the  bark  of  a  young  tree, 
placed  a  thin  piece  of  tin  between  it  and  the  wood,  and 
laid  it  (the  bark)  back  again  upon  the  wound;  he  repeated 
this  every  fortnight,  as  long  as  the  bark  could  be  sepa- 
rated from  the  wood  ;  at  the  end  of  the  Autumn,  having 
cut  down  the  tree,  he  found  that  each  plate  of  tin  was 
covered  by  a  quantity  of  wood,  which  was  larger  accord- 
ing to  the  length  of  time  it  had  been  placed  there. 
This  experiment,  although  in  appearance  conclusive, 
may  conceal  several  errors  ;  and  it  is  likely  that  it  was 
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made  with  but  little  nicety,  for  no  one  has  been  able  to 
repeat  it  in  the  manner  mentioned. 

It  is  to  be  remarked,  as  we  have  before  observed,  that 
there  is  no  real  interval  between  the  layers ;  but  that  that 
which  appears  as  such  after  maceration  is  nothing  but 
round  cellular  tissue.  Dutrochet  appears  to  me  to  have 
proved  that  this  zone  of  cellular  tissue  represents  for  each 
woody  layer,  that  which  is  the  pith  for  the  central  one, 
and  that  thus  an  entire  woody  body  is  formed  of  bodies 
resembling  each  other,  except  the  differences  caused 
by  their  position ;  others  think  that  this  zone  of  round 
or  elongated  tissue,  may  be  produced  by  the  slow 
growth  during  winter ;  the  cellules  would  have,  accord- 
ing to  them,  the  time  then  to  become  round  and 
developed  in  every  direction;  whilst,  when  the  growth 
is  rapid,  they  will  be  elongated,  and,  as  it  were,  dragged 
along  by  the  increase  of  the  vessels. 

It  would  result  from  this  manner  of  considering;  the 
zones  which  separate  the  annual  layers ; — 1st,  That  this 
separation  ought  to  be  so  much  the  more  perceptible  as 
the  alternations  of  the  vegetation  (those  which  are  caused 
either  by  the  fall  of  the  leaves  or  by  the  alternation  of 
the  seasons)  are  more  distinct ;  this  is  not  observed  in 
comparing  trees  of  the  North  and  the  South.  2d,  That 
an  accidental  stagnation  of  the  vegetation  caused,  during 
summer,  by  a  return  of  cold,  or  by  any  other  cause, 
ought  to  produce  a  cellular  zone  analogous  to  that  of 
the  ^vinter  ;  just  as  a  very  mild  winter  might  cause  the 
annual  zone  almost  to  disappear.  Hill  asserts  that,  in 
many  cases,  two  distinct  layers  are  formed  during  the 
year ;  the  one  owing  to  the  sap  of  the  spring,  the  other 
to  that  of  the  summer :  he  calls  these  the  layers  of  the 
seasons.  Adanson  indicates,  on  the  contrary,  that  the 
layers  of  certain  years  are  often  mingled  together,  from 
observing  that  Elms  of  a  hundred  years  old,  cut  down 
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ill  the  Champs-Ely  sees,  presented  from -ninety-four  to  a 
hundred  layers. 

Notwithstanding  these  slight  anomalies,  which  result 
perhaps  from  this — that  all  the  trees  of  a  plantation  may 
not  be  exactly  of  the  same  age,  it  appears  certain  that  the 
number  of  layers  affords  the  means  of  knowing  how  many 
years  old  a  branch  or  tree  may  be, — the  number  of  con- 
centric zones  in  a  transverse  section  indicates  the  number 
of  years  which  have  elapsed  since  the  formation  of  that 
part.  In  order  to  know  the  age  of  the  whole  tree,  it 
must  be  sawed  off  exactly  at  the  neck  ;  but  this  part  is 
not  always  easily  recognised  with  precision  in  very  old 
trunks ;  and  this  is  a  slight  source  of  practical  error,  but 
which  does  not  affect  the  principle  upon  which  we  judge 
of  the  age  of  trees. 

All  the  layers  of  a  tree  are  not  of  equal  thickness, 
neither  with  regard  to  each  other,  nor  in  their  different 
parts  ;  and  this  is  easily  known,  since  each  is  the  pro- 
duct of  the  growth  of  a  year.  The  woody  layer  will 
necessarily  be  more  or  less  thick,  according  as  the  year 
may  have  been  favourable  or  unfavourable — according 
as  the  roots  of  different  lengths  may  have  found  a  good 
or  poor  stratum  of  earth — according  to  the  care  taken 
of  the  tree,  &c. 

Besides  these  causes  of  accidental  anomalies,  the  age 
alone  of  trees  influences  the  thickness  of  the  layers  in  a 
regular  manner.  I  have  observed,  in  this  point  of  view, 
very  old  Oaks  cut  down  in  the  Forest  of  Fontainbleau  ; 
the  thickness  of  their  woody  layers  goes  on  augmenting 
until  the  thirtieth  or  fortieth  year  ;  from  the  thirtieth  to 
the  fiftieth,  or  even  sixtieth  year,  it  slightly  diminishes ; 
but  between  the  fiftieth  and  sixtieth  the  thickness  of  the 
layers  becomes  very  regular,  and  probably  continues  so 
until  the  death  of  the  tree  ;  at  least,  the  trees  upon 
which  1  have  made  this  observation,  were,  for  the  most 
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part,  between  two  and  three  hundred  years  old;  the 
oldest  of  all  was  three  hundred  and  thirty-three.  After 
sixty  years  an  oak  increases  from  about  eight  to  ten 
lines  in  diameter  in  ten  years  ;  and  from  two  to  three 
inches  when  it  is  between  twenty  and  thirty  years  old. 
Finally,  these  observations  are  necessarily  subordinate  to 
the  difference  of  species,  soils,  seasons,  and  cultivation. 
They  would  seem  to  indicate  that  it  would  in  general  be 
profitable  in  regular  cuttings  to  cut  down  every  thirty 
years,  rather  than  every  twenty  years,  since  it  is  from 
the  twentieth  to  the  thirtieth  that  the  trunk  of  oaks 
increases  the  most. 

Not  only  are  the  layers  unequal  with  regard  to  each 
other,  but  their  thickness  is  not  often  the  same  through- 
out their  circumference.  Malpighi  was  the  first  who  care- 
fully observed  that  the  pith  seldom  occupied  the  exact 
centre  of  the  trunk ;  or,  what  is  the  same  thing,  that  the 
concentric  layers  are  often  larger  or  more  numerous  on 
one  side  than  on  the  other ;  this  phenomenon  has  been 
designated  by  the  name  of  Excentricity  (excentriciti) 
of  the  woody  layers.  Among  the  ancients,  some  asserted 
that  the  pith  was  nearer  the  bark  on  the  south  side ; 
others  said  that  this  was  the  case  on  the  north. 

Neither  the  one  nor  the  other  have  omitted  hypotheses 
to  explain  this  fact ;  several  said  that  it  was  a  means  of 
knowing  the  situation  of  the  tree  in  the  forest,  &c.  &c.  ; 
but  all  the  marvellousness  has  vanished  with  an  exact 
observation  of  the  fact.  Duhamel  and  Bufibn  proved 
that  the  excentricity  had  no  connexion  with  the  position 
of  the  tree  relative  to  the  points  of  the  horizon,  but  with 
its  purely  local  situation.  When  on  one  side  of  it  a  good 
stratum  of  earth,  or  a  place  free  from  all  other  roots, 
is  found,  those  roots  which  are  directed  there  receive 
more  nourishment,  furnishing  more  to  the  corresponding 
part  of  the  trunk,  which  increases  most  on  this  side.    In 
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like  manner,  if  one  side  of  a  tree  has  its  branches  more 
exposed  to  the  action  of  the  air  and  light,  the  cor- 
responding part  of  the  trunk  grows  more  than  the  oppo- 
site. It  is  by  the  union  of  these  two  causes  that  all  trees 
in  forests,  or  avenues,  grow  more  on  the  external  than 
on  the  internal  side.  Such  is  the  very  simple  explana- 
tion of  the  excentricity  of  the  pith,  which,  in  reality,  is 
only  due  to  the  inequality  in  the  thickness  of  the  layers. 
We  will  hereafter  revert  to  what  takes  place  where  the 
numbers  of  the  layers  are  unequal  on  the  two  sides  of 
the  tree. 

If  all  that  I  have  said  about  the  woody  layers  has  been 
attentively  followed,  it  will  be  seen  that  each  of  them  is, 
during  its  first  year,  a  kind  of  very  elongated  cone,  which 
surrounds  the  pith  ;  that  during  the  second  it  forms  a 
second  cone,  which  surrounds  the  terminal  prolongation 
of  the  pith,  and  which  is  prolonged  at  the  base  in  such 
a  manner  as  to  cover  over  the  cone  of  the  first  year  ;  and 
thus  cone  after  cone  is  formed  in  succession,  until  the 
destruction  of  the  trunk.  It  evidently  results  from  this, 
that  each  cone,  or  woody  layer,  only  increases  during  the 
first  year  of  its  life ;  and  that  it  is  afterwards  covered 
over  by  subsequent  cones,  and  is,  as  it  were,  shut  up  by 
them  in  such  a  manner  as  not  to  be  able  to  lengthen  or 
thicken  any  more  :  it  remains,  after  some  years,  in  an 
almost  passive  state,  and  does  not  seem  any  longer  to 
form  part  of  the  living  organs  of  the  plant.  It  results 
from  this  state  of  things,  that  the  woody  layers  serve  suc- 
cessively as  coverings  to  each  other ;  and  if  one  of  them 
has  received  any  injury — as  the  action  of  frost,  having 
letters  cut  in  its  tissue,  or  cavities  hollowed  out  in  its 
thickness,  having  nails  driven  into  it,  &c.  &c. — all  these 
injuries,  covered  by  subsequent  layers,  may  be  again 
found  after   any  number  of  years :    experiments  have 
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demonstrated  this,  and  it  serves  to  explain  several  facts 
to  which  marvellous  ideas  would  be  attached.  Thus 
the  layers  of  the  alburnum,  being  full  of  sap,  are  liable 
to  be  frozen  when  the  cold  is  very  intense.  When  this 
accident  takes  place,  and  the  frost  does  not  reach  the 
liber  and  the  alburnum,  the  tree  continues  to  live;  the 
frozen  layer  is  covered  over  by  a  sound  one — afterwards 
by  several  others ;  and  thus  covered,  it  is  found  in 
the  centre  of  trees  :  this  accident  is  named  in  French, 
Gelivure.  We  can,  by  counting  the  number  of  layers 
formed  since  the  accident  took  place,  know  in  what  year 
it  happened.  Thus,  in  1800,  I  had  cut  down  in  the 
Forest  of  Fontainbleau,  a  trunk  of  a  Juniper  (Juniperus 
communis),  which  was  found  to  present,  near  its  centre, 
a  layer  which  had  been  affected  b}'^  frost,  covered  over 
by  ninety-one  woody  layers,  and  which  dated  therefore 
from  the  severe  winter  of  1709.     (PL  4,  fig.  2.*) 

An  inscription  written  upon  the  trunk  of  a  tree,  and 
which  penetrates  to  the  alburnum,  is  covered  over  by 
new  woody  layers,  and  may  be  found  entire  as  long  as 
that  part  of  the  trunk  remains  so.  It  was  thus  that 
Reisel  found,  in  1675,  some  capital  letters  in  the  middle 
of  a  Beech  ;  that  Maj'er,  in  1688,  found  in  the  woody 
body  of  a  Beech  a  kind  of  sculpture  representing  a  gal- 
lows, and  a  person  hanging  ;  that  Albrechti,  in  1697, 
found  in  the  same  tree  the  letter  H,  surmounted  by  a 
cross  ;  that  Adami  found,  under  nineteen  layers  of  the 
alburnum,  the  letters  J.  C.  H.  M.  It  is  thus  that  in 
certain  trees  in  India  there  have  been  found  inscriptions 
in  the  Portuguese  language,  which  had  been  written 
there  some  centuries  before,  when  the  country  was  dis- 
covered by  those  navigators.  It  is  thvis  that  different 
spots,  or  regular  stars,  have  been  artificially  formed  in 

*  The  extraordinary  contraction  observed  in  the  trunk  was  caused  by 
its  growing  between  two  rocks. 

u2 
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the  middle  of  several  trees.  Two  Meraoires  by  Fouge- 
roux  de  Bondaroy,  inserted  among  those  of  the  Aca- 
demie  de  Paris  for  1777,  may  be  particularly  consulted 
upon  this  subject. 

When  any  accidental  cause,  as  the  hand  of  man,  the 
teeth  of  animals,  or  simply  a  morbid  change,  hollows 
out  a  cavity  in  the  alburnum,  the  orifice  of  which  is  suf- 
ficiently narrow  to  be  covered  over  by  the  subsequent 
woody  layers,  the  cavity  is  preserved  entire,  as  well  as 
any  objects  shut  up  in  it.  I  have  seen,  for  example,  in 
the  middle  of  a  large  piece  of  Oak,  which  appeared  per- 
fectly sound,  a  cavity  partly  filled  with  nuts  and  acorns, 
which  had  probably  been  carried  there  by  dormice  or 
squirrels,  before  it  was  covered  over  by  new  woody 
layers.  In  the  same  manner  bones,  stones,  &c.,  are 
found  in  similar  cavities. 

When  a  nail  is  driven  into  a  tree,  so  as  to  reach  the 
alburnum,  it  remains  fixed,  and,  by  degrees,  the  new 
woody  layers  which  are  formed  around  it  surround  its 
base,  so  that  it  appears  as  if  it  had  been  driven  into 
them ;  sooner  or  later  it  is  entirely  covered  over  :  it  is 
thus  that  we  find  nails  and  other  instruments,  or  the 
horns  of  stags,  infixed,  or  completely  sunk,  in  the 
wood  of  Exogenous  trees.  It  is  by  the  same  process 
that  the  base  of  the  Mistletoe  appears  each  year  to  sink 
into  the  tree,  because  the  woody  layers  rise  up  around 
it.  We  shall  find  a  more  general  application  of  these 
principles  when  we  come  to  the  Formation  of  the 
Branches.  We  shall  see  by-and-by,  that  phenomena 
diametrically  opposite  to  those  we  have  been  describing, 
take  place  in  the  cortical  layers. 

As  a  consequence  of  the  preceding  facts,  and  of  the 
mode  of  nutrition  of  Exogens,  it  happens  that  if  the 
stem  of  a  tree  of  this  class  be  surrounded  by  a  cord  or 
wire,  the  trunk,  by  growing,  becomes  contracted  here ; 
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by  degrees  the  tree  increases  in  size,  especially  above 
the  cord,  so  that  it  appears  as  if  it  were  buried  in  the 
tissue.  It  is  in  this  manner  that  climbing  shrubs  often 
kill  the  trees  around  which  they  twine,  as  may  be  seen 
even  in  our  climate ;  as,  for  example,  in  the  Periploca 
Grcsca,  or  Wisteria  frutescens.  We  shall  see,  in  speak- 
ing of  Endogens,  that  similar  phenomena  with  them  are 
impossible. 


§  4.— Of  the  Medullary  Rays. 

If  the  woody  stem  of  an  Exogen  be  cut  transversely, 
we  remark  lines  springing  from  the  pith  and  radiating 
to  the  bark,  like  the  lines  on  a  dial,  or  the  spokes  of  a 
wheel.     Grew,   who  first  observed  them,   called    them 
Medullary    Insertions  ;     they   have    since    been   called 
Medullary  Rays  (radii  meduUares  ;  productions,  pro- 
longemens,  or  rayons  medullaires )  ;    this  term  is  more 
applicable,  because  it  describes  their  position   without 
affirming  their  origin.     Between  the  complete  rays  are 
perceived  some  half  ones,  which  arise  from  the  centre, 
and  appear  to  stop  before  they  reach  the  circumference; 
some    authors    call    them    Medullary    Appendages 
(appendices    medullaires).       Most   frequently    we    see 
some  rays  which  do  not  arise  from  the  centre,  but  from 
one  of  the  medullary  zones  of  which  each  annual  laver  is 
formed.     It  results  from  this  production  of  medullary 
rays  from  each  of  the  annual  zones,  that  their  number 
is  much  larger  in  the  layers  of  the  circumference  than  in 
those  of  the  centre.     The  medullary  rays  are  not  simple 
processes,  but  radiating  and  interrupted  vertical  lamina, 
directed  towards  the  circumference ;  we  can  be  assured 
of  this  by  making  a  vertical  or  oblique  section.     We 
are  thus  enabled  to  follow  them  through  more  or  less  of 


166  VEGETABLE    ORGANOGRAPHY. 

their  extent.  They  form  the  reddish  spots  which  are 
seen  upon  planks  of  Beech  or  Oak  cut  obliquely.  It  is 
in  this  manner  that  is  made  what  workmen  call  Dutch 
Oak,  which  was  formerly  thought  to  be  a  distinct  spe- 
cies, but  in  reality  it  is  only  produced  by  art. 

All  the  medullary  rays  are  composed  of  cellular  tissue, 
elongated  horizontally,  and  moderately  compact.  It  is 
evident  that  they  establish  a  direct  communication  from 
the  centre  to  the  clrcum_ference,  or  from  the  circumference 
to  the  centre;  but  in  no  case  are  coloured  juices  ever 
seen  passing  through  them. 

The  continuity  of  the  medullary  rays  from  their  origin 
to  the  circumference  is  very  well  observed  when  we  ex- 
amine wood  which  is  rather  soft;  such  as,  for  example, 
the  Mistletoe,  or  certain  fleshy  plants.  One  is  sometimes 
tempted  to  believe  that  they  are  continued  even  into  the 
bark ;  and  this  opinion  has  been  maintained  by  several 
naturalists.  Some  have  spoken  of  the  medullary  rays  of 
the  central  system  as  being  continuous  with  those  of  the 
cortical ;  others  as  being  distinct.  Mirbel  and  Du- 
trochet  have  given  great  weight  to  this  last  opinion  ;  and 
if  it  be  admitted  that  the  two  systems  are  essentially  dis- 
tinct at  their  origin,  we  are  obliged  to  conclude  that  in 
the  cases  where  the  rays  seem  to  pass  into  one  another, 
it  is  only  the  contiguity,  and  not  the  continuity  of  their 
extremities. 


Art.  II. — Of  the  Cortical  Body  or  System. 

§  1. — General  Considerations. 

The  Cortical  System  of  Exogens  is  organized  upon  a 
similar  plan  to  the  Central  System,  but  inversely  as  to 
the  time  of  the  development  of  the  layers.     It  is  formed 
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of  layers,  each  of  which  presents  a  fibrous  zone  inter- 
nally, and  a  cellular  one  externally ;  and  it  is  traversed 
by  medullary  rays,  similar  to  those  of  the  woody  body, 
but  less  distinct.  They  do  not  differ  from  those  of  the 
central  system,  and  do  not  deserve  to  detain  us  here  ; 
but  we  will  now  study,  separately,  the  cortical  layers  in 
general,  and  the  external  cellular  covering,  which  is 
nothing  but  the  cellular  zone  of  the  outer  layer. 


§  2. — Of  the  Cortical  Layers. 

The  bark  is,  as  we  have  said,  composed  of  layers 
placed  upon  one  another,  as  the  woody  ones,  but  in  an 
inverse  direction.  In  the  first  year  the  stem  is  formed 
of  a  woody  zone  and  a  cortical  one,  and  each  year  it 
forms  one  of  each  kind :  the  woody  layer  is  applied 
upon  that  which  was  formed  the  preceding  year ;  and  the 
cortical  one  under  that  which  was  developed  before  it. 
Let  us  follow  the  consequences  of  this  mode  of  develop- 
ment. The  newest,  youngest,  and  most  flexible  cortical 
layers,  which  represent  in  the  bark  the  alburnum  of  the 
wood,  are  found  the  most  internal  of  the  cortical  body. 
The  name  Liber  has  been  given  to  them  collectively ; 
either  because  in  several  trees  they  detach  themselves 
from  one  another  as  the  leaves  of  a  book,  or  because, 
formerly,  this  part  of  the  bark  of  several  trees  was  used 
for  making  paper. 

The  old  cortical  layers  are  thrown  off  towards  the 
outside,  and  they  have  retained  the  name  of  Cortical 
Layers,  properly  so  called.  They  represent  in  the  bark 
that  which  the  wood  is  in  the  woody  body ;  but  with 
this  great  difference, — that  the  woody  layers,  placed  over 
one    another  in  the  order  of  their  formation,  remain 


168  VEGETABLE    ORGANOGRAPHY. 

perfectly  entire,  and  are  not  distended  in  any  direction  ; 
whilst  the  cortical  layers,  being  placed  upon  each  other 
in  a  contrary  direction,  must  gradually  undergo  con- 
siderable distension.  In  fact,  the  first  layers  of  bark 
'.vhich  are  developed  when  the  stem  is  very  small,  are 
pushed  to  the  outside,  and  distended,  either  by  the  for- 
mation of  new  layers,  larger  than  they  are,  and  situated 
on  the  inside  ;  or  by  the  progressive  increase  of  the 
woody  body.  Likewise,  although  the  number  of  cor- 
tical layers  which  are  formed  in  the  trunk  since  its 
development  may  be  equal  to  that  of  the  woody  layers, 
they  are  of  a  very  different  kind  :  those  of  the  bark,  dis- 
tended by_the  increase  of  the  trunk  during  the  first  year, 
always  present  fibres  more  or  less  bent,  and  this  dispo- 
sition goes  on  augmenting  as  they  advance  in  age  ;  whilst, 
on  the  contrary,  the  fibres  of  wood  remain  usually  recti- 
linear. 

The  woody  layers  remain  in  the  state  of  alburnum, 
until,  by  the  natural  deposition  of  nutritive  particles, 
they  have  acquired  the  hardness  which  they  ought  to 
have ;  the  cortical  layers,  distended,  and  half  destroyed, 
before  this  period,  very  soon  lose  their  freshness,  and 
never  acquire  the  same  degree  of  solidity.  The  former 
constantly  preserve  their  thickness ;  the  latter  have  a 
tendency  to  become  thin  by  the  distension  and  separa- 
tion of  their  fibres.  The  former,  protected  from  the 
influence  of  the  atmosphere,  preserve  all  the  appearance 
of  life  ;  the  latter,  exposed  to  the  action  of  the  air  and 
light,  tend  to  dry  up,  to  crack,  and  to  take  deeper  colours  : 
thus,  the  cortical  layers,  by  the  effect  of  their  position, 
are  first  distended  in  such  a  manner,  as  to  enclose  the 
trunk,  as  it  were,  in  a  case ;  afterwards  they  split  longi- 
tudinally ;  then  they  crack  more  or  less  ;  and  whilst 
these  phenomena  are  taking  place,  they  become  more  or 
less  black,  or  brown,  externally. 
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The  difference  in  position,  also,  gives  the  reason  for 
the  diversity  which  is  remarked  in  the  results  of  experi- 
ments  analogous   to  those  which   we    have  related  in 
speaking  of  the  woody  body.     If  a  metallic  plate,  or 
wire,  be  placed  between  two  cortical  layers,  the  foreign 
body  will  follow  the  lot  of  the  bark  ;  it  will  gradually  be 
thrown  towards  the  outside,  and  will  come  out  of  the 
tree  as  of  its  own  accord.    If  a  nail  be  fixed  in  the  bark, 
it  will  also  be  thrown  towards  the  outside.    If  two  nails 
be  fixed  at  the  same  height,  and  at  a  known  distance,  it 
will  be  seen  that  they  gradually  have  a  tendency  to  sepa- 
rate, by  the  thickening  of  the  trunk,  and  the  distension 
of  the  fibres  of  the  bark.     If  a  figure,  or  inscription,  be 
cut  on  the  bark,  the  letters,  without  elongating,  will 
become  gradually  thicker,  larger,  more  separated,  more 
superficial,  and  finally  disappear.     Inscriptions  upon  the 
bark  may,  then,  although  less  exactly  than  those  made 
upon  the  woody  body,  cause  their  date,  and  that  of  the 
tree,  to  be  known.    Thus  Adanson,  having  found,  in  1 759, 
two  Baobabs,  upon  the  bark  of  which  he  observed  traces 
of  inscriptions  written  in  the  fourteenth  or  fifteenth  cen- 
tury, remarked  that  the  letters,  which  were  six  inches 
long,  only  occupied  upon  the  trunk  two  feet  in  width ; 
that  is  to  say,  one-eighth  of  the  circumference ;  that  it 
was,  consequently,  probable  that  they  were  not  written 
whilst  the  tree  was  young.    Supposing  this  case  the  least 
favourable  of  all,  and  neglecting  the  rather  confused  date 
of  the   fourteenth  century,  Adanson  estimates   that  if 
these  trees  took  two  centuries  in  attaining  six  feet  in 
diameter,   they  would  require  eight,  or   four  times  as 
much,  to  attain  twenty-five  feet ;  but  as  the  increase  of 
trees,  as  we  have  seen  above,  goes  on  diminishing  in 
proportion  as  they  become   older,   one    cannot  deduce 
from  this  observation   any  exact  idea  upon  the  age  of 
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these  trees,  which  Adanson,  by  calculation,  supposes 
to  have  amounted  to  several  thousand  years. 

When  traces  of  any  ancient  inscription  are  found  upon 
old  barks,  they  may  serve  as  indications  for  looking  for 
this  inscription  in  the  corresponding  part  of  the  woody 
body  ;  and  if  it  had  originally  penetrated  the  alburnum, 
concealed  traces  will  be  found  under  the  woody  layers  : 
in  this  case,  an  exact  verification  both  of  the  age  of 
the  inscription,  and  of  that  of  the  tree,  is  obtained.  If 
Adanson  had  been  able  to  make  this  research  upon  the 
Baobabs,  we  should  have  had  a  more  certain  document 
of  the  real  age  of  these  veterans  of  the  organized  world. 
The  fact,  as  it  has  been  transmitted  to  us,  already  suf- 
ficiently tends  to  prove  the  extraordinary  age  to  which 
trees  may  attain  ;  for,  although  he  may  have  erred  with 
regard  to  centuries,  still  this  longevity  very  much  sur- 
passes the  duration  which  one  would  suppose  possible 
for  any  organized  being. 

Independently  of  the  circumstances  which  result  from 
their  position  and  their  mode  of  increase,  the  cortical 
layers  differ  also  from  the  woody  layers  in  several 
respects.  In  general  they  are  not  so  thick ;  they  have 
few  or  no  tracheae  ;  they  contain  more  receptacles  of 
proper  juices ;  in  equal  weights  they  contain  more  car- 
bon ;  they  are  much  less  endowed  with  the  hygroscopic 
property :  lastly,  when  a  plant  or  a  branch  is  plunged  into 
water,  the  sap  does  not  rise  into  the  bark. 

The  cortical  fibres,  in  several  plants,  are  remarkable 
for  their  flexibility  and  firmness ;  as  is  seen  in  those  of 
the  Hemp,  Flax,  several  species  of  Nettle  (Urtica), 
several  of  the  Malvaceae,  &c.  All  the  fibres  capable  of 
being  made  into  cordage,  and  of  being  spun,  &c.,  ob- 
tained from  Exogens,  are  the  product  of  their  bark. 
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§  3.— Of  the  Cellular  Envelope. 

On  the  outside  of  the  cortical  layers  is  found  a  zone 
of  cellular  tissue,  which  bears  the  name  of  the  Cel- 
lular Envelope  (enveloppe  cellulaire).  It  is  a  kind 
of  external  pith ;  if  it  be  examined  in  its  young  state, 
it  presents,  like  the  pith,  a  round  regular  cellular  tissue, 
only  differing  from  it  in  its  position  and  colour.  The 
position  appears  very  different  ;  but  if  a  little  more 
attention  be  paid  to  it,  it  is  in  reality  very  similar ;  for, 
in  starting  from  the  line  which  separates  the  woody  from 
the  cortical  body,  we  see  succeeding  each  other  in  regular 
order,  the  alburnum,  the  wood,  and  the  pith,  on  one 
side  ;  the  liber,  the  cortical  layers,  and  the  cellular  enve- 
lope, on  the  other.  The  colour  is  in  accordance  with  its 
position :  the  pith,  which  is  screened  from  the  light,  is 
white ;  the  cellular  envelope,  which  is  evidently  sub- 
mitted to  its  action,  is  green.  In  several  fleshy  plants, 
or  those  v.ith  a  loose  tissue,  as  the  Mistletoe,  these  two 
organs  present  a  greater  analogy ;  and  we  shall  see,  by- 
and-by,  communications  from  one  to  the  other.  Du- 
trochet  also  confirms  this  analogy  between  the  pith  and 
cellular  envelope,  by  showing  that  the  pith  can,  in  cer- 
tain cases,  like  the  cellular  envelope,  form,  when  it  is 
laid  open,  a  true  epidermis ;  he  designates  them,  in 
consequence,  by  the  names  of  the  Central  Pith  (medulle 
centrale)  and  External  Pith  {medulle  exterieure). 

The  cellular  envelope  of  the  shoots  of  the  same  year, 
is  green,  regular,  and  entire ;  in  the  second  year,  it 
begins  to  be  distended  by  the  growth  of  the  stem.  It 
resists  this  distension  more,  according  as  the  growth  of 
the  trunk  is  less  rapid,  or  as  the  cellular  envelope  itself 
is  more  flexible,  and,  consequently,  more  extensible.   As 
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long  as  it  is  not  too  much  stretched,  <it  remains,  as  in 
most  fleshy  plants,  in  a  state  of  greenness,  freshness, 
and  integrity  ;  but,  sooner  or  later,  the  time  comes  when 
the  cellular  envelope  cannot  suffer  any  more  enlarge- 
ment, and  then  it  dies  in  consequence  of  the  extension 
which  it  suffers.  It  breaks  longitudinally,  and  thus  forms 
the  cracks  of  the  bark  ;  these  become  still  deeper  when 
the  external  cortical  layers  themselves  split  as  their  en- 
velope. This  presents,  according  to  its  texture  and  the 
mode  of  growth  of  the  tree,  different  phenomena  : 
sometimes,  as  in  the  Oak,  or  the  Birch,  after  having 
been  some  time  smooth  and  even,  it  presents  irregular 
fissures,  and  is  destroyed  by  the  slow  and  irregular  sepa- 
ration of  its  fragments  ;  at  other  times,  as  in  the  Cork- 
tree, it  presents  a  texture  at  the  same  time  dry  and 
flexible  ;  from  whence  it  results  that  it  can  live  several 
years  without  falling  off,  and  that  it  can,  at  a  certain 
period  of  its  existence,  be  taken  off  in  considerable 
pieces.  It  naturally  falls  off  in  the  Cork-tree  every 
eight  or  nine  years ;  and  care  is  taken,  a  year  or  two 
before  this  period,  to  take  it  off  for  commercial  purposes. 
For  this  purpose  that  time  of  the  year  is  selected  when 
the  bark  adheres  most  strongly  to  the  woody  body; 
because  then,  by  means  of  proper  instruments,  the 
whole  of  the  cellular  envelope  can  be  removed  without 
any  danger  of  raising  the  liber. 

An  opposite  extreme  to  the  state  of  the  Cork-tree  is 
the  example  of  the  Plane.  Here  the  cellular  envelope  is 
thin,  and  rapidly  acquires  a  rigid  and  friable  consistence  ; 
whence  it  results  that  as  soon  as  the  trunk  has  slightly 
increased  in  diameter,  the  rupture  and  fall  of  the  cellular 
envelope  of  the  bark  is  caused  ;  and  this  takes  place  every 
year,  towards  the  end  of  summer.  When  a  zone  of  the 
cellular  envelope  is  detached  from  the  tree,  the  external 
part  of  the  cortical  layer  being  thus  denuded  (which  is 
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itself  found  to  be  a  zone  of  cellular  tissue),  is  developed 
in  its  turn  ;  either  because  it  is  no  longer  restrained  in 
its  growth,  or  because  it  is  exposed  to  the  air  and  light. 
It  tends  then  to  form  again  a  new  cellular  envelope, 
which  being  of  the  same  texture  as  the  first,  and  being 
exposed  to  the  same  causes  of  alteration,  lasts  the  same 
period,  and  is  destroyed  in  like  manner :  in  fact,  all  trees 
which  lose  their  cellular  envelope,  lose  it  periodically., 

There  are  some  plants,  the  stems  of  which  present 
very  decided  angles  ;  and  which,  when  cut  transversely, 
present  the  section  of  the  woody  body  perceptibly  cir- 
cular. The  angular  form  is  owing,  in  this  case,  to  the 
development  or  peculiar  form  of  the  cellular  envelope ; 
but  as  the  woody  body  enlarges  and  distends  this  en- 
velope, the  angles  are  effaced  and  the  stem  becomes 
cylindrical.  It  is  thus  that  a  great  number  of  Dicotyle- 
dons, such  as  the  Labiatee,  with  square  stems,  &c.  &c. 
present  branches  of  various  forms,  which  are  all  trans- 
formed, by  degrees,  into  cylindrical  stems.  I  know  that 
this  explanation  is  not  appHcable  to  all  angular  branches, 
and  especially  compressed  ones  ;  but  it  is  true  with  re- 
gard to  several. 

The  external  surface  of  the  cellular  envelope  being 
exposed  to  the  action  of  the  air  and  light,  changes  into 
epidermis,  and  presents  all  the  phenomena  which  we  have 
mentioned  in  speaking  of  that  organ  ;  but  it  never  forms 
a  true  cuticle. 


Art.  III. — Of  the  Formation  of  the  Branches 
IN  Exogenous  Stems. 

The  formation  of  the  Branches  in  Exosrenous  Stems 
is  sufficiently  easy  to  understand,  after  the  facts  which  we 
have  before  described. 
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Every  leaf  bears  a  bud*  in  its  axil,  ,and  every  bud  is 
the  rudiment  of  a  nevi'  branch.  It  may  happen  then,  and 
it  does  so  in  fact  sometimes,  that  all  the  buds  of  a  shoot 
are  developed  into  branches ;  but  most  frequently  some 
of  them,  better  situated  than  the  others,  being  developed 
first,  attract  all  the  sap  ;  and  the  others  being  starved, 
as  we  should  say,  by  these  voracious  neighbours,  die  of 
exhaustion.  When  this  phenomenon  takes  place  early, 
no  trace  remains  of  these  abortive  buds :  this  is  the 
reason  that  the  branches  of  most  trees  are  neither  so 
numerous,  nor  so  regularly  disposed,  as  the  leaves.  Let 
us  abandon  the  abortive  buds,  and  proceed  to  those 
which  change  into  branches. 

A  bud  is  always  placed  at  the  summit  of  a  fibre,  and 
communicates,  most  frequently,  with  the  medullary 
sheath,  by  the  medullary  rays,  at  the  summit  of  which 
it  seems  situated.  It  communicates,  however,  very  evi- 
dently, with  the  woody  body  ;  and  is  invested  with  a 
bark,  which  is  a  continuation  of  the  cortical  body.  As 
soon  as  it  begins  to  elongate,  it  presents,  like  the  young 
stem,  a  medullary  canal  and  a  woody  layer :  during  its 
growth,  its  base  is,  as  it  were,  inserted  into  the  woody 
layer  upon  which  it  originated  ;  this  is  owing  to  the 
development  which  takes  place  at  the  same  time  as 
that  of  a  new  woody  layer  of  the  stem  which  bears  it : 
the  following  year  the  young  branch  forms  a  second 
woody  layer,  and  is  found  inserted  into  the  trunk  by  a 
new  layer  which  surrounds  it.  Thus  I  suppose  that  a 
branch  is  produced  upon  a  stem  ten  years  old ;  at  the 
end  of  the  eleventh  year  of  the  tree's  age,  the  branch 
will  have  one  layer,  and  its  base  will  be  surrounded  by 
the  eleventh  layer  of  the  stem  ;  at  the  end  of  the  twelfth 

•  We  are  here  examining  the  branches  as  being  the  development  of  a 
bud;  the  structure  of  the  bud  itself,  supposing  a  knowledge  of  ahnost  all 
the  organs  of  plants,  cannot  be  described  till  Book  iv.  Chap.  vii. 
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year  it  will  be  provided  with  two  layers,  and  will  be 
enveloped  at  its  base  by  the  eleventh  and  twelfth  layers 
of  the  tree,  and  so  on  in  succession.  But  the  second 
layer  of  the  branch  cannot  reach  so  low  as  the  first,  for 
it  will  find  the  place  occupied  by  the  eleventh  layer  of 
the  tree ;  and  for  its  part  the  twelfth  layer  of  the  stem 
cannot  surround  the  base  of  the  branch  so  close  as  the 
preceding,  because  the  branch  will  have  two  layers 
instead  of  one :  it  necessarily  results  from  this,  that 
each  branch,  considered  with  regard  to  its  base,  or 
inserted  part,  presents  after  some  years  a  cone,  the 
point  of  which  is  at  the  place  where  it  was  originally 
a  bud,  and  the  base  is  at  the  surface  of  the  trunk.  This 
same  branch,  considered  with  regard  to  its  projecting 
part,  also  presents  a  cone,  the  summit  of  which  is  at  the 
end  of  the  branch,  and  the  base  at  the  surface  of  the 
trunk  :  the  longitudinal  section  of  a  stem  with  branches 
bears  evidence  of  this  structure,  provided  that  it  passes 
exactly  to  the  place  where  a  branch  takes  its  origin.  The 
base  of  a  branch  is,  as  we  have  seen,  gradually  imbedded 
in  the  trunk  like  a  nail,  by  the  successive  development 
of  the  woody  layers ;  but  as  it  enlarges  at  the  same  time 
as  the  neighbouring  layers,  it  gradually  pushes  them 
back,  so  as  to  take  the  form  of  a  cone.  But  if  a  branch 
dies  after  a  certain  number  of  years,  what  happens  ?  Its 
external  cone,  being  exposed  to  the  action  of  the  air,  is 
destroyed;  but  its  base,  which  is  buried  in  the  trunk, 
becomes  covered  over  with  the  new  layers  ;  and  as  it 
cannot  any  longer  resist  them,  it  is  compressed  and 
squeezed  by  them  on  all  sides.  This  is  the  origin  of  the 
knots  which  are  found  in  trunks  ;  and  which  are  so 
visible  in  planks  of  deal,  for  example.  I  have  had 
occasion  to  see  trunks  of  the  Fir,  almost  all  the  wood 
of  which  had  been  destroyed  by  damp,  except  these 
knots,    or    remains    of    abortive   branches,    which,    on 
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account  of  their  more  solid  texture,  remained  almost 
uninjured  in  the  middle  of  the  trunk.  Hard-wooded 
trees,  which  have  a  great  number  of  knots,  or  bases  of 
abortive  branches,  are  much  sought  after  in  the  arts  ; 
either  because  these  accidents  increase  their  firmness,  or 
because  they  produce  sometimes,  in  sections  of  the  trunk, 
various  patterns,  which  are  used  for  ornamental  pur- 
poses. 

In  the  preceding  part  of  this  article  I  have  spoken  of 
the  branches  which  are  produced  from  Axillary  Buds; 
those  which  proceed  from  Terminal  ones  present  some 
peculiarities  which  it  will  be  convenient  to  point  out. 
A  bud  may  spring  from  the  real  summit  of  a  branch 
(which  takes  place  when  the  leaves  are  opposite,  as,  for 
example,  in  the  Horse-chestnut) ;  or  it  may  become 
terminal  by  the  death  of  the  extremity  of  the  branch 
(which  frequently  happens  in  trees  with  alternate  leaves, 
the  Birch,  &c.  for  example) ;  in  both  of  these  cases  the 
new  branch  absolutely  springs  from  the  summit  of  the 
old  one,  and  seems  to  be  a  continuation  of  it,  although 
a  slight  depression  is  almost  always  visible,  at  least  in 
the  first  year,  and  sometimes  in  the  following  ones. 

But  other  combinations  may  also  happen  in  cases 
where  the  stem,  or  one  of  its  branches,  is  terminated 
by  a  bunch  of  flowers.  After  the  seeds  are  ripe,  two 
cases  may  present  themselves  :  1st,  The  axis  of  this 
bunch  may  be  prolonged  into  a  branch,  either  by  a  ter- 
minal bud,  or  because  the  flowers  did  not  occupy  the 
place ;  this  happens  naturally  in  the  Callistemun  and 
Leptospermum  of  New  Holland.  2d,  The  axis  may 
dry  up  and  die,  which  is  most  frequently  the  case  ; 
then  the  buds  situated  below  the  bunch  are  developed : 
if  the  leaves  are  alternate,  and  far  apart  from  one 
another,  the  uppermost  bud  becomes  terminal ;  if  the 
leaves  are  either  opposite,  verticillate,  or  very  near  one 
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another,  the  stem  remains  as  if  its  top  were  cut  off,  and 
it  produces  several  branches  at  the  same  point :  if  it  pro- 
duce two  it  is  said  to  be  Forked,  or,  when  the  phe- 
nomenon is  repeated  several  times,  Dichotomous  ;  if 
three  be  developed,  the  stem  is  Trifurcated,  or  Tri- 
CHOTOMOUs,  &c.  Fig.  1,  PI.  5,  is  taken  from  a  trifur- 
cation  of  a  branch  of  the  Chestnut,  and  may  give  an  idea 
of  the  phenomenon  I  have  described.  It  may  also  be 
very  well  observed  in  the  Lilac. 


Art.  IV. — Of  the  Increase  of  Exogenous  Stems 
IN  Length  and  Diameter. 

I  have  already  occasionally  related,  in  speaking  of  the 
Woody  and  Cortical  Bodies,  the  principal  facts  relative  to 
the  growth  of  stems ;  it  is  necessary  to  repeat  them  a 
a  little  more  in  detail,  and  to  see  in  what  point  they 
can  be  referred  to  any  theory. 

Every  stem,  or  branch,  springs  from  a  germ,  at 
first  very  small,  which,  in  developing,  only  dilates  ;  so 
that  all  the  parts  visible  after  its  entire  development, 
appear  to  exist  in  miniature  at  the  time  when  it  was 
first  perceived.  I  do  not  discuss  here  either  the  origin 
of  the  germs,  or  the  general  question  of  the  formation 
of  beings  ;  I  am  only  bound  to  express  a  fact,  such  as 
observation  gives  it. 

The  part  which  may  be  considered  as  the  development 
of  a  germ,  elongates  to  a  certain  limit,  determined  by  the 
necessary  time  for  the  fibres  to  acquire  the  degree  of 
firmness  peculiar  to  their  nature :  stems  or  branches 
usually  acquire  this  at  the  end  of  the  first  year  of 
their  life.      When  marks  are  placed  at  equal  distances 

VOL.    I.  N 
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from  one  another,  upon  a  growing  stem  or  branch,  we 
see,  when  its  increase  in  length  stops,  that  the  marks 
are  all  separated  from  one  another,  but  all  remain  at 
perceptibly  equal  distances ;  whence  Duhamel,  to  whom 
this  experiment  is  due,  concluded  that  the  elongation 
took  place  throughout  the  whole  length  at  once,  during 
the  first  year.  One  would  have  arrived  at  the  same 
results  from  the  simple  observation  of  natural  facts  :  all 
the  leaves  already  exist  upon  the  growing  branch,  but 
very  near  one  another.  In  following  their  develop- 
ment we  see,  it  is  true,  that  the  elongation  of  the 
branch  commences  at  the  base ;  but  when  it  stops 
growing,  the  leaves  are  much  more  distant  from  each 
other  than  they  were  before,  but  at  nearly  equal  dis- 
tances ;  sometimes  those  of  the  higher  end  are  nearer 
each  other,  probably  on  account  of  the  incomplete 
development  of  the  branch.  The  observation  of  the 
Lenticels,  Glands,  Hairs,  or  Stings,  whicli  may  be 
found  regularly  disposed  upon  the  branches,  leads  to 
the  same  results.  We  may,  then,  regard  it  as  certain, 
that  stems  or  branches,  during  the  first  year,  elongate 
nearly  equally  throughout  their  whole  length,  if  we  con- 
sider them  together  ;  but  when  we  examine  the  increase 
of  this  branch  in  part,  we  see,  with  Cassini,  that  each 
merithallus,  or  internode,  grows  principally  by  its  lower 
part ;  or,  in  other  terms,  that  its  superior  part  is  formed 
before  the  lower,  the  extension  of  which  produces  the 
increase  in  length :  thus  it  is  easy  to  see  in  the  meri- 
thalli  of  Ephedra,  or  of  the  Caryophylleae,  that  the 
lower  part  is  softer  and  younger  than  the  upper.  The 
same  law  is  found  in  grasses :  perhaps  it  is  common  to 
all  stems,  and  is  essentially  owing  to  the  nutritive  action 
of  the  leaf  upon  the  merithallus  which  bears  it. 

After  this  first  period,  a  branch  or  stem  grows  no 
more,  and  the  plant  only  elongates  by  the  addition  of  a 
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new  shoot,  which  springs  from  its  apex,  and  which  ought 
to  be  considered  as  the  development  of  a  new  germ.  Let 
us  first  follow  the  case  where  the  germ  is  situated  exactly 
at  the  summit ;  it  is  developed  during  a  year,  following 
the  same  laws  as  that  of  wliich  it  seems  the  continuation. 
The  stem  is  found  elongated  by  a  body  perfectly  similar 
to  that  of  the  preceding  year ;  and  thus  it  goes  on  succes- 
sively for  an  indefinite  period.  A  young  shoot,  formed  of 
the  organs  above  described,  acquires,  during  its  first  year, 
a  certain  thickness,  determined  by  the  thickness  of  the 
woody  and  cortical  cones  :  the  second  year,  at  the  same 
time  that  a  new  shoot  springs  from  its  summit,  it  forms 
in  that  of  the  preceding  year  a  new  woody  zone,  which 
is  placed  on  the  outside  of  the  old  one,  and  a  new  cor- 
tical one,  situated  within  the  preceding  one :  these  two 
zones  then  are  developed  in  the  space  situated  between 
the  cortical  and  woody  bodies.  What  is  their  origin  t 
Such  is  the  delicate  question  which  has  occupied  the 
greater  number  of  anatomists  and  physiologists ;  for  it 
appertains  to  both  these  sciences.  What  we  shall  say 
with  regard  to  the  increase  in  diameter  of  the  stems  of 
Dicotyledons,  is  equally  true  with  respect  to  their  roots. 
Du  Petit-Thouars,  impressed  with  what  takes 
place  in  the  formation  of  the  branches  of  Draccsfia, 
(which  we  shall  speak  of  under  Endogenous  Stems,) 
applying,  by  analogy,  his  observation  to  all  stems,  and 
partaking  of  the  idea,  which  appears  to  us  very  just, 
that  the  liber  does  not  change  into  alburnum,  has 
proposed  an  opinion,  as  bold  as  it  is  ingenious,  upon  the 
origin  of  the  woody  fibres;  viz.  that  they  are  the  pro- 
longation from  above,  downwards,  of  the  buds  or  germs 
which  are  developed.  Thus,  if  we  revert  to  what  I  have 
said  of  the  elongation  of  stems  by  the  formation  of  a  new 
shoot  at  their  extremities,  he  supposes  that,  at  the  same 
time  that  this  new  shoot  is  developed,  the  fibres  which 
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are  found  there  are  prolonged  downwards ;  and  form 
by  their  union  a  woody  sheath,  which  creeps  down 
between  the  wood  and  bark  of  the  lower  part  of  the 
tree,  and  thus  forms  a  new  woody  layer,  placed  over 
the  former  one.  A  bud  or  germ  which  is  developed  on 
a  tree,  does  not  essentially  differ,  according  to  him,  from 
an  ordinary  seed :  the  young  shoot  which  springs  up 
represents  the  plumule ;  the  pith  plays  the  part  of  the 
cotyledon ;  and  the  woody  fibres  are  the  roots  of  the 
bud.  These  roots  have  a  tendency  to  descend,  as  those 
of  the  plant  itself;  and,  in  descending,  they  insinuate 
themselves  into  the  only  passage  which  they  find  per- 
meable. 

Numerous  objections  have  been  made  against  this 
theory.  1st,  It  is  said  that  these  roots  of  the  buds 
ought  to  be  seen,  at  some  period  of  the  life  of  trees, 
descending  all  along  the  woody  body,  as  is  said  to  be 
the  case  in  Draccena.  Du  Petit-Thouars  has  been 
obliged,  in  order  to  answer  this  objection,  to  suppose 
tnat  this  descent  takes  place  with  such  rapidity  as  to 
escape  our  notice ;  he  even  goes  so  far  as  to  compare  it  to 
the  swiftness  of  the  electric  spark,  or  of  light.  2d,  It  is  re- 
marked that  in  grafted  trees  the  wood  situated  below  tlie 
graft  resembles  that  of  the  stock,  and  that  above  it  is  like 
that  of  the  graft :  thus,  when  an  Almond,  the  wood  of 
which  is  yellow,  is  grafted  on  a  Plum,  which  has  the 
wood  red,  the  wood  is  red  below  the  graft,  and  yellow 
above  it :  now  it  seems  evident  that  if  the  wood  were 
formed  by  the  buds,  it  ought,  from  the  top  to  the  bottom, 
at  least  externally,  to  resemble  that  of  the  graft.  Du 
Petit-Thouars  answers,  that  the  woody  fibre  which 
descends  from  the  bud  retains  the  nature  of  the  graft ; 
whilst  passing  under  its  liber  it  is  nourished  by  its  juice, 
but  when  it  arrives  under  the  liber  of  the  stock,  this 
furnishes  it  with  another  nourishment,  which  changes 
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its  nature.     3d,    It  is  asked,  in   this  theory,  how  the 
cortical   layers,  which   appear  to  be   produced  at   the 
same  time  as  the  woody  layers,   are  formed  ?     But  it 
might  be  answered,  that  they  have  the  same  origin  as 
the  woody  layers,  and  are  thus  derived  from  the  buds. 
4th.  It  is  observed,  that  if  the  buds  of  a  branch  of  the 
Plane-tree,    or  "Willow,    be   removed,   and  it  be   then 
placed  in  water,  it  shoots  out  roots  from  the  lenticels 
before  the  visible  development  of  new  buds ;  and  it  has 
thence  been  concluded  that  the  origin  of  roots  has  no 
connexion  with  that  of  the  buds.     Du  Petit-Thouars 
thinks  to  answer  this  objection  by  remarking  that  there 
exist  latent  or  adventitious  buds,  which  begin  to  be 
developed,  and  cause  the  production  of  roots.     5th.  An 
experiment,  which  appears  to  me  decisive  upon  this  sub- 
ject, is  this  : — If  a  circular  notch,  or  an  annular  section, 
be  made  in  the  bark  of  a  tree,  in  such  a  manner  as  to 
cut  off  all  communication  between  the  upper  and  lower 
parts,  it  is  clear  that,  at  the  end  of  a  year,  if  it  be  the 
buds  which  produce  the  woody  fibres,  it  will  have  one 
layer  more  above   the  section  than  below  it,  and  this 
layer   will   be    formed   of   descending    or   longitudinal 
fibres  :  that  if,   on  the  contrary,   there  only  descends 
from    the    upper   part   of    the    tree    the   nourishment 
elaborated  by  the  leaves,  there  wiU  be  the  same  number 
of  layers  above  and  below  the  section  ;  but  the  layer  of 
the   upper   part,   being   more   nourished,    will   be    the 
thicker,    and   that   of  the   lower  will   be    smaller  and 
thinner.      But   the    experiment*   has   given    this   last 
result  in  Exogenous  trees;    and  one  is  compelled,  it 
seems  to  me,  to  conclude,  that  the  woody  layers  are  pro- 
duced by  the  formation  of  fibres  which  do  not  proceed 

*  This  experiment  has  not  perhaps  been  made  with  all  the  care  that 
could  be  wished ;  and  as  it  appears  decisive  for  or  against  the  theorj',  it  is 
desirable  that  it  shoidd  be  repeated. 
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from  the  buds.  I  do  not  deny,  however,  that  the  buds, 
or  rather  the  leaves  which  they  produce,  have  some  influ- 
ence upon  the  formation  of  the  wood  ;  but  it  is  an  action 
which  appears  to  me  to  be  purely  physiological ;  they 
elaborate  the  descending  sap ;  and  we  know  from  this 
that  the  more  buds  or  leaves  there  are  in  the  upper  part 
of  the  tree,  the  more  the  young  wood  is  nourished. 
Thus,  whilst  Du  Petit-Thouars  attributes  to  the  buds 
the  origin  of  the  fibres,  and  to  the  alburnum  and  liber 
their  nutrition,  I  am  of  opinion  that  the  leaves  produce 
the  nourishment,  and  that  the  fibres  are  developed  by 
the  liber  and  alburnum. 

Turpin  has  modified  the  opinion  of  Du  Petit-Thouars, 
in  admitting  two  classes  of  fibres ;  one  of  which  de- 
scends' from  the  aerial  buds  towards  the  roots ;  whilst 
the  others  arise  from  the  extremities  of  the  roots,  and 
go  in  a  contrary  direction  to  the  preceding.  He  thinks 
that  each  of  these  two  systems  of  fibres  is  prolonged  as 
long  as  the  contrary  one  does  not  meet  with  any  ob- 
stacle :  this  explains,  according  to  him,  how,  in  the  case 
of  the  dissimilar  graft,  of  which  I  have  lately  spoken, 
the  lower  part  of  the  trunk  remains  of  the  same  nature 
as  it  originally  was ;  but  in  this  theory  we  cannot  under- 
stand either  how  the  roots  can  give  nourishment  to  the 
ascending  fibres,  the  existence  of  which  is  not  demon- 
strated ;  or  how  these  fibres,  which  are  supposed  to 
spring  from  the  roots,  can  take  a  nature  and  properties 
so  different  in  passing  the  neck. 

All  other  naturalists,  although  there  is  little  accord- 
ance between  them,  are  agreed  at  least  upon  this 
point, — that  the  formation  of  the  new  woody  and  cortical 
layers  is  produced  at  the  point  of  contact  of  the  two 
systems,  and  ought  to  be  considered  in  the  horizontal, 
and  not  in  the  vertical  direction.  A  very  simple  fact 
demonstrates  this  proposition  :  If  a  tree,  which  has  been 
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grafted  upon  another,  be  cut  longitudinally  at  a  given 
height,  it  is  found  that  from  the  heart  to  the  circum- 
ference, the  wood  and  the  bark  are  both  of  them,  below 
the  graft,  of  the  same  nature  as  the  stock ;  and  that 
above  it  they  are  of  the  nature  of  the  graft.  Three 
opinions  have  been  put  forth  to  explain  this  funda- 
mental fact : — either  the  albui'iium  produces  the  bark, — 
or  the  bark  the  alburnum, — or  the  alburnum  and  bark 
each  produce  a  layer  of  their  own  nature.  The  first 
opinion  has  been  supported  only  by  Hales,  and  is 
without  very  striking  proofs.  It  is  easily  opposed  by 
the  extreme  difficulty  that  all  plants  present  to  live  and 
grow  when  deprived  of  their  bark  ;  and  by  the  collec- 
tion of  facts. 

The  opinion  that  the  alburnum  is  produced  by  the 
bark,  is  subdivided  into  ^  two.  Some,  at  the  head  of 
whom  is  Malpighi,  thought  that  the  internal  layer  of 
the  liber  changes  into  alburnum ;  others,  after  the 
example  of  Grew,  believed  that  the  liber  produces  the 
alburnum,  but  does  not  change  into  it.  Without  abso- 
lutely deciding  between  Malpighi  and  Grew,  Duhamel 
has  remarked,  that  if  a  plate  of  silver  be  placed  between 
the  woody  and  cortical  bodies,  it  is  fouLud,  after  some 
time,  covered  by  new  woody  layers  ;  whence  he  con- 
cludes that  their  formation  is  due  to  the  bark,  and  is 
produced  by  means  of  the  mucilaginous  substance 
which  is  found  between  them,  and  which  he  calls 
Cambium.  This  experiment,  which  seems  conclusive, 
still  leaves  some  points  in  doubt ;  viz.  1st,  The  difficulty 
of  being  assured  that  the  plate  of  silver  has  been  really 
placed  between  the  wood  and  the  bark;  and  2d,  The 
possibility  that  the  cambium  may  be  produced  by  the 
wood,  and  that  it  may  be  sufficiently  fluid,  in  its  first 
state,  to  flow  over  the  plate  of  silver,  and  to  cover  it  over 
on  the  outside,  although  originally  proceeding  from  the 
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interior.  Duhamel,  who  perceived  these  reasons  for 
doubting,  has  not  ventured  to  draw  any  direct  conclu- 
sions. Mirbel,  who  repeated  his  experiment,  concludedj 
first,  that  the  liber  changes  into  alburnum ;  he  has  since 
only  said  that  the  liber  divides  itself  between  the  wood 
and  the  bark.  Knight,  Mustel,  Du  Petit-Thouars, 
Dutrochet,  &c.  have,  on  the  contrary,  maintained  that 
the  liber  does  not  change  into  alburnum  ;  and  this 
opinion  has  always  appeared  to  me  most  conformable 
to  the  generality  of  facts.  Kieser  arrives  at  the  same 
conclusion,  in  consideration  of  the  difference  of  the 
tissues  of  the  liber  and  alburnum. 

The  third  opinion,  which  tends  to  establish  that  the 
alburnum  forms  the  woody  layers,  and   that  the  liber 
produces   the  cortical  ones,  has  been  maintained,  first 
by  Mustel,   and    since   by  Dutrochet.     The  former  is 
contented  with  denouncing  the  opinion,  that  the  ascend- 
ing sap  of  the  woody  body  forms  a  kind  of  liber,  which 
is  converted  into  alburnum;  and  that  the  sap  descending 
by  the  bark  forms  a  kind  of  cortical  liber,  which  is  con- 
verted into  true  bark.   It  is  founded  partly  upon  an  inac- 
curate observation ;  viz.  that  the  woody  layers  are  formed 
in  the  interior  of  the  medullary  canal ;  whence  it  is  con- 
cluded that  they  maybe  as  well  formed  upon  the  outside 
of  the  woody  body.     The  inaccuracy  of  the  opinion  of 
Mustel,  as  to  the  function  of  the  two  saps,  appears  to  me  to 
be  sufficiently  demonstrated  by  an  often  repeated  observa- 
tion, that  the  woody  layers  which  are  formed  are  thicker 
in  proportion  as  the  access  of  the  descending  sap  is  more 
easy.     Dutrochet  has  given  more  precision  in  his  re- 
searches in  this  respect ;  he  has  made  them  chiefly  upon 
herbaceous  Dicotyledons,  seeing  that  the  compact  and 
close  tissue  of  woody  plants  renders  them,  according  to 
him,  more  difficult  to  be  observed.     He  was  the  first  to 
remark,  that  under  the  name  of  the  increase  of  trunks 
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in  diameter,  we  connect,  in  reality,  two  distinct  pheno- 
mena— viz.  the  increase  or  extension  of  layers  already 
existing,  which  he  calls  their  increase  in  width  (largeur), 
and  the  addition  of  new  layers,  which  he  calls  their 
increase  in  thickness,  (epaisseur.)  The  increase  in 
diameter  may  result  sometimes  from  the  union  of  these 
two  phenomena,  and  sometimes  from  the  existence  of 
only  one. 

According  to  this  observer,  the  extension  of  layers 
already  existing  takes  place,  both  in  the  cortical  system 
and  in  the  central  one,  by  an  analogous  process ;  and 
that,  as  regards  the  bark,  it  can  easily  be  followed  in 
autumn  in  the  root  of  Echium  vulgare;  and  as  to  the 
woody  body,  in  spring,  in  the  young  shoots  of  Clematis 
Vitalha.  In  both,  on  cutting  them  at  different  heights, 
in  order  to  have  the  comparison  of  different  ages,  we 
see  that  the  horizontal  section  of  a  layer  presents  a 
certain  number  of  fibrous  bundles,  separated  by  vertical 
plates  of  cellular  tissue — the  medullary  rays  ;  that  these 
rays  are,  at  certain  periods,  divided  into  two  plates  by 
a  row  of  fibres  which  are  developed  in  the  middle,  and, 
gradually  separating  them,  begin  by  forming  kinds  of 
festoons,  and  afterwards  two  distinct  medullary  rays ; 
and  that,  lastly,  these  bundles  of  longitudinal  fibres 
develope  in  their  middle  new  medullary  rays.  This 
formation  explains  how  there  are  many  more  medullary 
rays  in  the  layers  on  the  border  of  the  woody  body  than 
in  those  of  the  centre, — as  can  be  easily  seen  in  the  sec- 
tion of  the  branches  of  Quercus  toza,  (pi.  5,  fig.  3.) 
Analogous  phenomena  take  place  in  the  bark  and  woody 
body,  and  cause  us  to  understand  the  increase  which  the 
already  existing  layers  take.  The  formation  of  the 
medullary  rays,  the  primitive  and  secondary  ones  of  the 
woody  body,  is  in  accordance  with  the  angles  of  the 
medullary  canal ;  and  that  of  the  cortical  rays  is  with  the 
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little  channels  visible  on  the  outside  of  several  barks. 
This  increase  in  length  of  the  layers  tends  to  explain 
several  cavities,  or  intervals,  which  are  formed  in  the 
medullar}^  cavities  of  Dicotyledons ;  for  example,  in  the 
Sunflower  ( Helianthus ) ,  a  great  number  of  the  Chico- 
raceffi,  &c. 

The  formation  of  the  new  layers,  both  woody  and 
cortical,  is,  in  following  the  observations  of  Dutrochet, 
a  phenomenon  different  from  the  preceding.  A  layer 
of  alburnum  and  one  of  bark,  simply  in  juxta-position, 
are  formed  at  the  same  time,  which  at  first  present  the 
appearance  of  a  simple  jelly ;  but  this  is  not  a  simple 
deposited  juice,  but  a  substance  abeady  presenting 
traces  of  organization  and  the  appearance  of  a  young 
tissue.  The  existence  of  this  young  layer  is  very  easily 
recognised,  on  examining,  in  spring,  the  roots  of  Dip- 
sacus  Fullonum,  Eryngium  campestre,  &c.  Each  of  these 
layers  distinctly  presents  a  cellular  zone,  (which  repre- 
sents the  pith,)  and  a  fibrous  one.  The  cellular  zones 
of  each  layer  are  developed  the  first  in  spring,  and  then 
they  are  contiguous ;  soon  the  two  fibrous  zones,  the 
one  woolly  and  the  other  cortical,  are  developed  between 
them ;  and  thus  it  takes  place  each  year.  This  deve- 
lopment of  new  layers,  which  Dutrochet  names  the 
increase  in  thickness,  takes  place  during  the  whole  hfe 
of  the  plants ;  that  in  width  continues  indefinitely  in  the 
bark  of  trees,  which  always  retains  a  certain  softness ; 
but  it  is  earl}/  arrested  in  the  solid  parts.  Herbaceous 
plants,  as  Sunflowers,  increase  in  breadth  as  long  as  they 
live,  and  this  causes  those  cavities  of  which  we  have 
spoken.  Dutrochet  doubts  that  the  addition  of  new 
layers  takes  place  universally  among  Dicotyledons; 
founding  his  opinion  upon  this — that  these  layers  are 
not  distinct  in  some  long-lived  roots,  such  as  the  Chi- 
cory ( Chicorium  Intyhus),  &c. ;  but  it  is  moi'e  probable 
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that  this  apparent  exception  only  results  from  the 
fibrous  zones  of  the  layers  being  separated  by  very 
narrow  medullary  ones. 


Section  III. 
Of  the  Stem  of  Endogens. 

Art.  I. — Of  the  Stem  in  general. 

The  Stems  of  Endogens,  considered  in  general,  have 
the  following  characters  in  common: — 1st,  They  are 
never  composed  of  two  bodies  which  increase  in  a  con- 
trary direction  with  regard  to  each  other,  but  present  a 
single  homogeneous  mass  ; — 2d,  They  never  have  a  true 
medullary  canal,  or  distinct  medullary  rays ; — 3d,  They 
have  the  oldest  fibres,  or  layers,  at  the  circumference, 
and  the  newest  in  the  centre.  It  is  from  this  last  cha- 
racter that  I  have  given  them  the  name  by  which  I  call 
them,  and  which  indicates  that  they  increase  by  addi- 
tions to  the  interior.  These  characters  are  less  com- 
plicated, and  a  little  more  vague,  than  those  of  Exogens ; 
the  stems  of  Endogens,  also,  present  less  regularity  than 
those  of  Exogens.  In  order  to  avoid  confusion,  we  shall 
be  obliged  to  describe  them  separately. 

It  is,  without  doubt,  this  diversity  in  their  form  which 
has  for  so  long  a  time  prevented  their  general  characters 
from  being  known.  We  find  in  the  writings  of  Grew, 
Malpighi,  and  especially  in  the  Memoire  of  Daubenton 
upon  the  Organization  of  Wood — we  find,  I  say,  in  these 
authors,  exact,  but  scattered  and  inconsistent  observa- 
tions, upon  the  differences  which  the  stems  of  Endogens 
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present.  Linnaeus  seems  to  have  perceived  them,  by 
giving  to  some  of  them  the  particular  names  of  Truncus, 
Stipes,  Caudex,  Culmus ;  but  it  is  to  Desfontaines 
that  the  science  is  truly  indebted  for  the  first  general 
and  exact  ideas  which  it  has  acquired  upon  this  impor- 
tant subject;  he  was  the  first,  in  his  Memoire  upon  the 
Comparative  Structure  of  the  Trunks  of  Monocotyledons 
and  Dicotyledons,  who  laid  hold  of  the  essential  cha- 
racters of  the  general  structure  of  Endogens,  and  by 
this  good  observation  opened  to  anatomists  an  entirely 
new  path.  Mirbel  and  Du  Petit-Thouars  have  also 
published  some  interesting  observations  upon  the  struc- 
ture of  the  different  families  of  this  class,  and  upon  their 
growth. 


§  1. — The  Stems  of  Palms. 

The  stems  of  Palms  are,  of  all  Endogens,  those 
which  have  excited  most  attention  by  their  slender  form, 
and  the  singularity  of  their  appearance :  they  have  been 
more  carefully  studied  than  the  others;  and,  in  giving 
a  detailed  description,  we  will  dispense  with  many 
repetitions  in  the  following  Articles. 

The  stem  of  Palms  is  usually  erect,  strong,  simple, 
regularly  cylindrical,  and  crowned  at  the  summit  with 
a  tuft  of  leaves,  the  number  of  which  is  nearly  constant. 
If  it  be  cut  transversely,  we  see  that  it  is  only  com- 
posed of  scattered  fibres,  intermixed  with  a  cellular 
tissue,  which  connects  them  with  one  another.  We 
also  remark  at  first  sight,  that  the  fibres  of  the  circum- 
ference are  close  to  each  other,  of  a  very  firm  texture, 
and  evidently  older  than  the  inner  ones ;  these,  on  the 
contrary,  are  separate,  soft,  of  a  more  herbaceous  nature. 
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and  surrounded  by  a  loose  and  feculent  cellular  tissue. 
Each  fibre  is  a  bundle  of  tracheae  and  striped  and  dot- 
ted vessels,  intermixed  with  elongated,  and  surrounded 
by  round  cellular  tissue.  The  difference  in  texture 
between  the  circumference  and  centre  of  the  trunk  is 
always  perceptible — sometimes  very  remarkably  so; 
there  are  some  Palms,  the  outer  part  of  which  is  so  hard 
that  the  axe  can  make  no  impression  on  them,  whilst 
the  centre  is  a  loose  and  spongy  tissue,  which  is  readily 
affected  by  moisture.  The  circumference  of  Palms  repre- 
sents, as  to  consistence  and  age,  the  wood  of  our  trees, 
whilst  the  centre  is  a  kind  of  alburnum.  But  these 
two  organs  are  placed  inversely  to  that  which  we  are  in 
the  habit  of  seeing  in  Exogens  :  it  is  from  this  central 
alburnum  that  the  leaves  and  flowers  spring ;  it  is,  in  a 
word,  always  from  the  centre  that  the  development  of 
all  parts  of  Palms  commences.  The  young  leaves  of  the 
annual  shoots  of  Exogens  also  spring  fi-om  wdthin  the 
older  ones,  or  from  the  interior  of  the  buds ;  but  if  in 
this  respect  the  two  great  classes  resemble  each  other,  as 
Dutrochet  has  rem^arked,  they  do  not  differ  less  in  this, 
that  all  the  rest  of  the  development  of  the  trunk  of 
Exogens  is  made  by  the  addition  of  new  woody  layers 
outside  the  first ;  whilst  in  Endogens,  the  increase  takes 
place  by  the  interposition  of  new  fibres,  principally 
towards  the  centre  of  the  trunk. 

At  the  first  development  of  the  plant,  the  first  row  of 
leaves  is  connected  with  the  neck  by  a  layer  of  fibres ; 
in  the  second  year,  there  springs  from  the  interior  of 
this  first  row  a  second  row  of  leaves,  which  have  also  a 
layer  of  fibres  placed  within  the  preceding,  which,  by 
their  development,  help  to  distend  the  first  layer.  It  is 
the  same  with  all  the  following  layers,  until  the  period 
when  the  external  one,  having  acquired  by  age  the  hard- 
ness of  perfect  wood,  can  no  longer  be  distended  by  the 
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fibres  of  the  interior  ;  then  the  first-formed  zone  hardens, 
and  cannot  increase  more  in  diameter  the  following 
year  ;  and,  by  the  same  causes,  the  second  zone  hardens, 
and  forms  a  ring  above  the  first :  this  takes  place  in  all 
the  following  years,  so  that  the  stem  is  strictly  cylin- 
drical, its  external  part  being  composed  of  perfect  wood, 
and  its  interior  of  fibres  not  as  yet  hardened. 

A  rude  image  of  this  evolution  of  the  Palms  can  be 
made  by  comparing  them  to  the  parts  of  a  telescope, 
which  can  be  disjointed  from  one  another;  also  by 
likening  it  to  the  bark  of  an  Exogen,  which  grows  inde- 
pendently of  the  v/oody  body  ;*  but  in  these  comparisons, 
and  also  in  my  description,  I  have  been  obliged,  m  order 
to  make  myself  understood,  to  speak  of  layers ;  and  these 
layers,  although  they  might  appear  really  to  exist,  are  not 
always  distinct  enough  to  be  perceived.  We  see,  then, 
from  this  description,  that  if  we  were  able  to  count  the 
layers  or  the  fibres  of  the  transverse  section  of  a  Palm, 
the  solidified  layers  would  be,  throughout  the  whole 
length  of  the  tree,  in  proportion  to  the  age,  and  the  rings 
wovdd  present  the  number  of  years  the  tree  had  lived ; 
but  it  is  impossible  to  distinguish  them.  "We  may  know 
the  age  of  Palms  in  a  very  simple  manner — viz.  by 
counting  the  rings,  which  are  often  marked  externally 
on  the  trunk,  and  which  are  the  cicatrices  of  the  leaves ; 
but  these  may  imperceptibly  disappear,  so  as  not  to  be 
able  to  be  counted  in  old  trees.  As  the  annual  elongation 

*  M.  Lestiboudois  has  followed  this  metaphor,  and  considered  it  as  a 
reality ;  but  he  has  not  borne  in  mind  that  the  trunk  of  Palms  can  by  no 
means  be  compared  to  the  bark  of  Exogens,  since  the  ascending  sap  con- 
stantly rises  by  the  trunk,  whilst  it  never  does  so  by  the  bark.  This  well- 
known  fact  is  sufficient  to  prove  that  this  trunk  is  more  analogous  to  the 
woody  than  to  the  cortical  body  of  our  trees.  The  difference  between  these 
two  classes  of  bodies  is  confirmed  by  anatomy  ;  for  the  trunk  of  Palms 
presents  tracheas,  and  striped  and  dotted  vessels,  like  the  woody  bodies  of 
Exogens. 
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is  regular  in  each  species,  the  total  length  is  suffi- 
cient to  give  a  pretty  exact  idea  of  the  age  of  the 
individual. 

Is  the  stem  of  Palms,  as  Linnssus  has  thought,  and 
as  the  stems  of  the  Plantains  would  seem  to  demon- 
strate, any  thing  more  than  the  bmidle  of  the  petioles 
of  the  existing  leaves  sheathed  by  the  hardened  and 
persistent  ones  of  the  old  leaves  ?  It  is  in  this  point  of 
^dew  that  the  name  of  Frons,  which  signifies  a  leaf,  or 
Stipes,  which  means  a  support,  has  been  given  to  it. 
This  hypothesis  might  be  applicable,  if  one  considered 
it  as  a  metaphor,  but  it  can  be  but  little  followed  as  the 
expression  of  the  reality. 

The  stem  of  Palms  is,  as  I  have  explained,  a  cylin- 
der, which  grows  indefinitely  in  height  by  its  extremity, 
and  the  thickness  of  which  is  determined  in  each  spe- 
cies by  the  time  necessary  to  sohdify  a  layer  after  the 
first  period  of  its  development.  It  sometimes  happens 
that  the  trunk  presents  here  and  there  transverse  con- 
tractions, or  swellings.  These  anomalies  are  owing  to  the 
tree  having  had,  at  those  periods,  a  slower  or  more  vi- 
gorous growth.  There  is  in  one  of  the  greenhouses  of 
the  Jardin-des-Plantes  at  Paris,  a  Cycas  (a  tree  analo- 
gous to  the  Palms  in  the  structure  of  its  stem)  which 
has,  in  the  middle  of  its  length,  a  very  distinct  contrac- 
tion, which  corresponds  to  the  period  when  it  was  being 
brought  from  the  Isle  of  France  to  Paris.  During  this 
transportation  it  received  but  Kttle  nourishment,  and 
the  solidifying  of  the  external  fibres  took  place  before 
they  had  attained  their  full  size.  Similar  contractions 
can  never  take  place  in  Exogens  ;  and,  on  the  other 
hand,  Palms,  and  other  Endogens,  can  never  present 
lateral  exostoses,  since  all  their  fibres  are  longitudinal ; 
and  the  external  ones,  already  hardened,  form  a  kind  of 
sheath  around  the  younger  ones. 
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We  have  seen  above  that  when  Exog;enous  trees  are 
surrounded  by  cord  or  wire,  they  have  a  contraction  in 
that  part  on  account  of  their  increase  in  diameter.  It 
is  evident,  that  since  the  diameter  of  Pahns  only  increases 
in  their  young  state,  they  are  protected  from  this  acci- 
dent during  the  rest  of  their  hves :  this  explains  a  phe- 
nomenon which  I  have  witnessed,  of  a  Palm  which  has 
become  surrounded  at  a  great  height  by  a  Bauhinia,  the 
branches  of  which,  in  uniting  together,  enclosed  it  in  an 
irregular  interrupted  sheath,  without  having  altered  the 
cylindrical  form  of  the  trunk. 

All  this  assemblage  of  rectilinear  fibres,  of  which  I 
have  spoken,  is  surrounded  by  a  zone  of  cellular  tissue, 
which  may  be  compared  to  the  cellular  envelope  of 
Exogens;  but  it  however  presents  remarkable  diffe- 
rences:— I.  Nothing  representing  the  cortical  layers  is 
found  beneath  this  envelope  ;  2.  Under  it,  at  least  in  the 
Palms  with  simple  stems,  no  woody  layer  exists :  and  it 
is  very  doubtful  whether  it  be  formed  even  in  the  small 
number  of  Palms  which  are  branched.  3.  This  envelope 
not  being  distended  beyond  a  certain  limit  by  the  increase 
of  the  trunk,  preserves  for  a  much  longer  time  its  thick- 
ness and  form  ;  it  is  usually  thin,  and  cannot  at  any  period, 
in  the  Palms,  be  separated  from  the  trunk,  and  no  trace  of 
medullary  rays  is  ever  found  in  it  more  than  in  the  trunk. 

If  the  growth  of  the  stems  of  Palms  be  compared  with 
that  of  Exogens,  we  see — 1.  That  the  increase  in 
length  is  produced  in  the  two  cases  by  the  formation  and 
the  development  of  a  terminal  bud,  which  lengthens  the 
already  existing  trunk ; — 2.  That  the  increase  in  dia- 
meter can  take  place  until  a  fixed  age  in  each  species, 
either  by  the  dilation  of  each  bundle  of  fibres  by  means 
of  fibrous  or  cellular  tissue,  which  is  interposed  ;  or  by 
the  development  of  new  bundles  tov/ards  the  centre  of 
the  tree. 
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That  which  we  have  said  of  the  stem  of  Palms  is 
applicable,  with  very  slight  modifications,  to  those  of 
the  Cycadeae,  the  Asparagi  which  do  not  branch,  arbores- 
cent Liliaceae,  &c.  The  small  number  of  Palms  which, 
like  the  Calami,  have  the  stem  knotted,  entirely  ap- 
proach the  culms  of  Grasses;  and  when  speaking  of  these 
we  shall  notice  it. 

The  stems  of  Palms  are  almost  always  simple,  and 
without  ramifications ;  in  some  species,  however,  are 
found  branches,  either  accidentally,  as  in  some  Dates,  or 
regularly,  as  in  Cucifera  Thehaica,  Delile,  Hyphcene 
coriacea,  Gsertner;  which  is  constantly  divided  into 
branches  several  times  bifurcated.  The  mode  of  ramifi- 
cation of  Palms  has  not  as  yet  been  studied  carefully, 
and  it  merits  the  attention  of  observers  resident  in  the 
countries  where  they  grow.  From  the  little  that  I  have 
seen  in  other  trees,  I  am  inclined  to  believe,  with  Du 
Petit-Thouars,  that  all  the  leaves  of  Monocotyledons 
have  in  their  axil  a  vital  point  or  latent  bud,  like  Dico- 
tyledons ;  and  that  this  bud  is  only  developed  when  the 
growth  of  the  upper  part  of  the  stem  presents  some 
obstacle  to  the  passage  of  the  sap,  and  makes  it  con- 
sequently flow  back  in  greater  quantity. 


§  2. — The   Stem  of  the  Liliacea?,    Asphodeleae, 
Pandane£e,  &c. 

I  use  here,  in  order  to  be  concise,  the  term  Liliaceae  in 
the  very  wide  sense  which  Tournefort  gave  to  it ;  the 
stem  of  these  plants,  when  it  is  simple — as,  for  example, 
in  Yucca  and  Dracaena  umbraculifera,  differs  very  little 
from  that  of  Palms,  both  as  to  its  form  and  its  develop- 
ment. It  is  in  the  same  manner  cylindrical,  and  sur- 
rounded either  by  the  remains  of  the  leaves,  or  by  a 
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cellular  zone  ;  it  is  composed  of  bundles  of  fibres,  which 
are  more  compact  towards  the  circumference,  and  looser 
in  the  centre  of  the  stem  ;  and  always  surrounded  by  a 
cellular  tissue,  which  seems  to  replace  the  pith.  It 
does  not  increase  in  diameter  after  a  certain  given 
period.  But  Liliaceas  with  branching  stems  present 
singular  phenomena :  some,  such  as  the  Asparagi,  pro- 
perly so  called,  although  very  branching,  do  not  increase 
in  diameter  after  their  first  development ;  others,  such 
as  Dracaena  Draco,  grow  very  much  at  the  same  time 
that  they  branch.  Du  Petit-Thouars  has  observed  that 
when  the  Draccena  shoots  forth  branches,  each  of  them 
at  its  first  development  produces  fibres,  which  are  inter- 
posed, he  says,  between  the  cellular  zone  and  the  woody 
body; — that  of  these  fibres,  those  which  are  inferior 
have  a  tendency  to  descend,  and  those  which  are  directed 
to  the  upper  side  quickly  bend  and  descend  as  the  pre- 
ceding ;  whence  he  concludes  that  the  descending  fibres 
of  these  buds  cause  the  increase  in  diameter  of  the 
trunk.  This  very  remarkable  fact  unfortunately  cannot 
easily  be  studied  by  European  botanists,  and  as  yet 
remains  unseen  by  us,  especially  if  it  be  considered  that 
the  branching  Asparagi  of  our  climate  do  not  present 
any  resemblance  to  them. 

The  ramifications  of  the  Pandaneae  have  much  affinity 
with  those  of  the  Asparagi.  I  have  before  me  a  trunk 
of  Pandanus,  in  which  is  seen  the  origin  of  a  branch. 
It  presents,  as  is  usual  in  Endogens,  a  mass  of  longi- 
tudinal fibres  :  the  base  of  the  branch,  cut  transversely, 
has  also  the  same  appearance ;  but  the  union  of  the  two 
bodies  appears  to  take  place,  because  the  fibres  of  the 
branch  penetrate  perpendicularly  into  the  trunk  without 
anastomosing  with  the  longitudinal  ones,  but  cutting 
them  at  right  angles,  so  as  to  form  a  kind  of  netted 
cross.  I  have  said,  in  order  to  follow  Du  Petit-Thouars's 
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idea,  that  the  fibres  of  the  branch  penetrate  the  trunk ; 
perhaps  I  should  have  done  better  in  saying  that  certain 
fibres  of  the  trunk  passed  through  the  vertical  bundles, 
and  penetrated  the  branch. 

This  suspicion  seems  authorized  by  the  examination 
of  the  trunk  of  Xanthorhoea  hastilis.  I  possess  a  piece 
of  this  singular  plant,  discovered  in  New  Holland  by 
M.  Gaudichaud.  At  the  first  view  of  a  vertical  section 
of  it,  one  would  completely  take  it  for  a  Dicotyledon, 
and  in  fact  I  at  first  feared  that  there  had  been  some 
mistake  about  it ;  but,  on  the  one  hand,  Gaudichaud, 
whose  accuracy  is  well  known,  distinctly  remembered 
the  origin  of  this  specimen ;  and,  on  the  other  hand,  on 
examining  it,  an  organization  is  perceived,  which,  if  it  be 
not  similar  to  the  usual  state  of  Monocotyledons,  differs 
still  more  from  that  of  Dicotyledons.  This  piece  presents 
a  very  thick  and  wrinkled  cellular  zone,  perfectly  re- 
sembhng  that  of  an  Exogen  ;  the  woody  body  is  formed, 
1st,  of  vertical  fibres,  rather  loose,  and  very  like  those  of 
Palms,  or  of  Yucca  ;  2d,  of  other  fibres,  which,  radiating 
from  the  centre,  pass  through  all  the  preceding,  cutting 
them  at  nearly  right  angles,  and  are  prolonged  even 
through  the  cellular  zone,  under  the  form  of  fine  lines : 
these  horizontal  fibres  resemble  medullary  rays  in  their 
position,  but  differ  from  them  in  their  nature ;  they  are  not 
vertical  plates,  but  fibres,  joined  two  or  three  together. 
Do  these  fibres,  wliich  spring  from  the  central  part — are 
directed  towards  the  foliaceous  organs — and  thus  remain, 
as  it  were,  inserted  into  the  trunk — serve  for  the  origin 
of  the  leaves  ?  This  suspicion  would  seem  to  be  au- 
thorized by  considering  that  the  leaves  of  Xanthorhoea 
are  very  numerous,  and  disposed  not  only  upon  the 
summit  but  throughout  the  length  of  the  branches.  All 
the  cortical  part,  and  the  trunk  of  this  tree,  are  impreg- 
nated with  a  reddish  brown  matter,  which  appears  to  be 
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the  true   Dragon's   Blood,   analogous  to  .that  which  is 
extracted  from  Dracoena  Draco. 

The  stem  of  the  Liliacea?,  which,  considered  in  Dra- 
coena  and  Yucca,  hardly  differs  from  that  of  the  Palms, 
and  is  elevated  to  the  height  of  a  tree  or  shrub,  presents 
in  other  species  an  entii'ely  different  appearance  :  thus, 
the  stem  of  Aloe,  of  Anthericum  frutescens,  &c.  is  of  a 
woody  texture,  but  attains  a  less  size  than  the  preceding, 
forming  little  shrubs  or  under-shubs.  In  the  Smilaceas, 
Dioscoreag,  and  several  Asparagi,  the  stem  is  very  long, 
but  slender,  and  more  or  less  twining,  without  differing 
however  from  the  preceding,  more  than  the  climbing 
Convolvuli  do  from  the  shrubby  ones  :  in  others — as,  for 
example,  the  Lily,  Fritillai-y,  Pine- Apple,  &c.,  the  stem 
remains  herbaceous,  cylindrical,  long,  upright,  firm  ;  and 
does  not  differ  from  the  woody  stems  which  we  have 
mentioned,  except  in  its  texture,  that  is  to  say,  just  as 
the  herbaceous  Leguminosae  differ  from  the  trees  of  the 
same  family.  In  all  these  cases  the  stem  is  a  distinct 
organ,  and,  when  it  is  perennial,  is  terminated  by  a 
single  bud,  which  is  larger  in  proportion  as  the  stem  is 
less  branched.  But  in  some  species  which  are  called 
bulbous,  the  stem  is  very  short,  being  reduced  to  an 
orbicular  plate  concealed  underground,  and  surrovmded 
by  the  persistent  scales  of  the  terminal  bud  ;  this  we  see 
in  the  Tulip,  Hyacinth,  Garlic,  &c.  "We  find  all  the 
intermediate  degrees  of  length  between  the  arborescent 
stems  mentioned  just  now,  and  the  subterranean  ones  of 
bulbs ;  thus,  among  the  species  of  Crinum,  some  have 
the  stem  elongated,  and  rising  above  the  ground  a  foot 
or  more  in  height;  and  there  are  others  with  it  short  and 
buried  in  the  earth  ;  in  the  genus  Allium,  most  of  the 
species  of  which  have  the  plate  of  the  bulb  short  and 
scarcely  perceptible,  there  are  some  in  which  it  takes 
the   appearance    of  a   true   stem,  although   it   remains 
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underground,  as  Allium  senescens.  This  last  mode  of 
development  of  the  stem  is  frequent  in  Iris,  Amomum, 
Acorus,  &c. ;  and  this  organ  then  receives  the  name  of 
Rhizoma,  to  indicate  that  it  resembles  a  root,  because  it 
is  subterranean  ;  but  it  is  a  true  stem,  which  remains 
buried  underground,  producing  true  roots,  and  from  its 
apex  leaves  and  annual  shoots  :  these  bear  the  flowers, 
and  frequently  leaves  ;  they  are  like  the  annual  stems 
of  perennial  Dicotyledons,  whilst  the  Rhizoma  represents 
the  persistent  stock,  which,  in  the  Asters  and  Poeonies, 
&c.  remains  beneath  or  on  a  level  with  the  surface  of  the 
ground,  and  produces  each  year  new  floral  shoots. 
Although  I  have  mentioned  these  facts  in  speaking  of 
stems  in  general,  I  have  thought  it  right  to  return  to 
them  here,  both  in  order  to  show  that  the  same  prin- 
ciples apply  to  all  the  stems  of  the  Liliacese,  however 
different  their  forms  may  be,  and  to  serve  as  an  intro- 
duction to  the  following  Article. 


§  3. — The  Stem  of  the  Bananas. 

It  is  usual  to  describe,  imder  the  name  of  the  Stem  of 
the  Bananas,  the  cylindrical  body  which  bears  the  leaves, 
and  is  terminated  by  the  cluster  of  flowers ;  and  under 
the  name  of  the  Root  is  confounded  all  the  subterranean 
parts ;  but  when  we  examine  these  organs,  and  are 
guided  by  analogy,  we  readily  perceive — 1st,  that  the 
subterranean  part  is  composed  of  true  roots,  and  of  a 
persistent  rhizoma;  2d,  that  the  elevated  portion,  which 
perishes  after  each  time  of  flowering,  is  a  kind  of  false 
stem,  formed  by  the  sheaths  of  the  leaves  which  sur- 
round the  scape  or  floral  peduncle,  and  are  united  to  it. 
These  sheaths  are,  thus  to  speak,   the  petioles  of  the 
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leaves  ;  and  they  can  be  separated  from  each  other,  so 
that  their  true  nature  can  be  very  readily  recognised. 
They  form  nearly  cylindrical  tubes,  inserted  into  one 
another,  the  transverse  section  of  which  is  seen  when 
this  floral  stem  is  cut  horizontally.  An  analogous 
organization  appears  to  exist  in  most  of  the  Scitamineae, 
although  in  a  less  evident  manner  ;  and  it  is  perhaps  the 
same  in  several  other  Endogens,  when  one  equally  dis- 
tinguishes a  persistent  part,  (which  is  the  true  stem, 
whatever  may  be  its  situation,)  and  a  floral  part  of 
limited  duration.  The  distinction  between  the  true 
stem,  and  the  organs  formed  by  the  peduncles  and  the 
bases  of  the  leaves,  is,  in  certain  genera  of  this  class, 
very  difficult  to  be  fixed  with  precision. 


§  4. — The  Stem  of  the  Graminese. 

Botanists  have  usually  called  the  stem  of  the  Gra- 
minese, or  Grasses,  by  the  particular  name  of  the  Culm 
(culmus;  chaume);  and  it  deserved  in  fact  a  peculiar 
name  in  the  old  system  of  the  nomenclature  of  organs, 
where  there  was  a  tendency  to  designate  all  their  modi- 
fications by  proper  names :  the  immense  number  of 
these  modifications  gradually  caused  this  method  to  be 
abandoned,  because  it  presented  the  great  inconvenience 
of  conceah'ng  under  different  names  the  real  analogies  of 
organs. 

The  Culm  differs  from  other  Endogenous  stems  in 
this  : — that  at  the  origin  of  each  leaf  is  found  a  knot  or 
plexus  of  very  numerous  and  compact  fibres ;  in  every 
part  of  the  stem  between  the  knots,  or  in  the  internodes, 
the  fibres  are  parallel,  vertical,  and  do  not  deviate  vinder 
any  circumstances ;   there  are  never  produced,  in   this 
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interval,  either  leaves,  branches,  or  roots  :  on  the  con- 
trary, in  the  knots,  the  central  cavity  occupied  by  the 
cellular  tissue  is  interrupted,  the  fibres  cross  in  the 
horizontal  direction ;  they  give  rise  to  a  sheathing  leaf, 
and  in  the  axil  of  this  is  always  found  a  bud,  which  is 
developed  or  not  according  to  circumstances.  It  is  from 
this  knot  also  that  all  the  adventitious  roots  spring  in 
grasses,  when  their  stems  or  lower  branches  are  either 
prostrate  or  subterranean — as,  for  example,  in  Tritieuvi 
repens  and  Panicum  Dactylon,  where  the  lower  branches 
are  prolonged  horizontally  undergrovmd,  and  commonly 
bear  the  name  of  roots.  Frequently,  also,  in  grasses 
with  upright  stems,  the  lower  knots  are  so  near  the 
ground  that  it  often  happens  that  they  shoot  forth  roots. 

The  distance  between  the  knots  is  very  variable,  not 
only  in  different  grasses  compared  together,  but  also  in 
individuals  of  the  same  species,  and  in  the  knots  of  the 
same  individuals  :  in  general  they  are  more  distant  when 
the  stems  grow  in  a  fertile  soil,  and  upon  the  same  stem 
they  are  seen  nearer  together  at  the  base,  and  more 
separated  above.  We  also  remai'k,  that  the  closer  the 
knots  are,  the  more  easily  is  the  axillary  bud  of  their 
leaf  developed ;  this  takes  place  in  the  grasses  which 
ramify  principally  at  the  base  of  the  stem. 

When  the  lower  internodes  are  very  short,  it  often 
happens  that  they  swell  up  so  as  to  form  a  kind  of  dila- 
tation, which,  covered  over  by  the  sheath  of  the  leaf 
which  it  has  distended,  resembles  the  bulbs  of  the  Lili- 
acea9  :  this  has  caused  some  of  the  Graminese  to  be  called 
bulbous  ;  such  is,  for  example,  Hordeum  strictum,  which 
is  often  bulbous,  and  then  it  receives  the  name  of 
H.  bulbosum;  Phleuni  nodosum  probably  only  differs 
from  P.  pratense  by  this  same  phenomenon  taking  place. 

It  sometimes  happens  that  the  swollen  knots  are  sepa- 
rated by  a  short  internode,  and  then  the  series  of  these 
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tumified  knots  gives  a  singular  appearance  to  the  sub- 
terranean part  of  the  stem.  A  variety  of  the  Wild  Oat 
(Avena  elatior),  which  has  been  called  A.  precatoria, 
or  Necklace-like  Oat,  presents  this  structure.  The  knots 
situated  above  the  earth  are  never  swollen  in  a  remark- 
able manner  except  by  accident. 

The  internodes  are  covered  in  the  lower  part,  or 
throughout  the  whole  of  their  length,  by  the  sheaths  of 
the  leaves :  this  covered  part  is  always  softer  and  more 
herbaceous  than  the  part  exposed  to  the  air  ;  it  never 
presents  any  hairs,  and  rarely  stomata  so  well  developed 
as  those  of  the  exposed  part. 

The  interior  and  central  part  of  the  whole  length  of 
the  internode  is  always  softer  than  the  exterior,  and 
only  presents  a  dilated  cellular  tissue,  which,  in  its 
young  state,  is  filled  with  watery  juice,  drying  up  as  it 
grows  older ;  sometimes  it  remains  entire ;  at  other 
times  it  is  more  or  less  completely  broken,  forming  the 
hollow  Culms,  or  those  cavities  in  reeds  which  run  from 
one  knot  to  another. 

All  that  we  have  said  of  the  Graminese  is  applicable 
to  the  Calami,  which  belong  to  the  family  of  the  Palms, 
but  have  their  stems  marked  here  and  there  with  knots 
which  bear  the  leaves  and  give  birth  to  axillary  buds. 


§  5. — Of  the  Stem  of  the  Equisetums. 

The  stems  of  the  Equisetums  have  much  analogy  with 
those  of  the  Gramineee,  but  they  seem,  at  first  sight, 
to  approach  a  little  more  to  those  of  Exogens  ;  they  are 
cylindrical,  furnished  with  solid  knots,  from  which 
spring  the  verticels  of  branches  and  leaves.  The  inter- 
node presents,  in  its  interior,  a  central  cellular  tissue, 
which  is  very  early  broken,  so  as  to  form  a  hollow  cylin- 
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der,  composed  of  two  rows  of  fibres,  an  external  and  an 
internal  one,  disposed  so  as  to  alternate  with  each  other  : 
seen  through  the  microscope,  they  are  composed  of  striped 
vessels  intermixed  with  dotted  ones,  and  elongated  cel- 
lules ;  the  external  ring  presents  tubular  air-cavities, 
disposed  with  great  regularity. 

In  the  knots  the  central  cellular  tissue  is  not  broken, 
and  seems  to  enjoy  the  function  of  pith :  from  the  ex- 
ternal border  of  it,  or  from  the  internal  part  of  the 
external  cylmder,  there  proceed  striped  vessels,  in  a 
horizontal  direction,  which  go  to  the  surface,  and  are 
there  developed  into  branches  which  are  organized  as 
the  stern. 

All  the  parts  of  the  Equisetums  which  we  have  been 
accustomed  to  call  stems,  are  annual,  and  spring  from  a 
rhizoma,  or  subterranean  stock,  the  organization  of 
which  deserves  a  very  attentive  examination,  because  it 
appears  capable  of  attaining  an  extremely  advanced  age, 
and  might,  consequently,  give  us  some  idea  of  the  mode 
of  growth  of  Endogens. 


§  6. — Of  the  Stem  of  Ferns. 

The  stem  of  Ferns  presents  itself  under  three  very 
distinct  appearances  :  sometimes  it  is  erect,  firm,  cylin- 
drical, and  simple,  as  that  of  Palms ;  this  we  see  in 
Cyathea  spinosa,  Dicksonia,  &c. :  sometimes  it  is  weak, 
climbing,  twining  around  trees,  branching,  but  mani- 
festly cyhndrical  in  each  ramification — as,  for  example, 
in  Ugena,  &c.  There  are  some  which  have  it  creeping 
upon  the  ground,  as  in  Polypodium  Virginicum.  Finally, 
in  the  small  Ferns  peculiar  to  our  chmates,  the  stem  creeps 
along  under  the  surface  of  the  ground  instead  of  above 
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it,  and  presents  itself  under  the  appearance  of  a  subter- 
ranean nearly  horizontal  stock,  which  emits  roots  from 
its  lower  side,  and  leaves  from  its  superior  extremity  ;  it 
is  gradually  destroyed  at  its  older  end,  whilst  it  lengthens 
by  the  opposite  extremity.  One  can  no  more  refuse  to 
recognise  the  identity  of  this  subterranean  stock  with  the 
aerial  stem  of  the  Tree  Ferns,  than  in  similar  cases  in 
the  Liliaceae  and  other  well  known  families. 

The  stems  of  Ferns,  whatever  be  their  direction,  are 
always  cvliiidrical,  and  harder  towards  the  circumference 
than  at  the  centre.  They  are  eminently  distinguished 
by  this — that  when  they  are  cut  transversely,  we  always 
observe  in  them  brown  spots,  round  and  symmetrical, 
but  of  various  forms :  it  is  these  which,  when  seen  in  an 
oblique  section  of  Pteris  aquilina,  have  been  compared 
to  the  figure  of  a  German  eagle.  These  spots  are 
formed,  according  to  Mirbel,  by  the  transudation  into 
the  cellules  of  the  most  spongy  part  of  the  stem,  of  a 
juice  secreted  by  certain  fibres.  From  an  examination 
of  them  in  the  Tree  Ferns,  we  are  obliged  to  consider 
them  as  bundles  of  very  compact  fibres,  which  are  sepa- 
rated by  spaces  essentially  full  of  cellular  tissue.  The 
central  part  is  sometimes  hollow  in  aged  stems,  by  the 
destruction  of  the  cellular  tissue.  The  stem,  cut  trans- 
versely, presents  an  external  ring  of  cellular  tissue, 
which  performs  the  part  of  bark  as  to  its  position,  but 
does  not  influence  the  formation  of  the  wood,  which  is 
developed  by  the  interior  of  the  central  fibrous  cylinder : 
this  cylinder  presents  a  great  number  of  striped  vessels ; 
the  ramifications  of  the  stem  spring  entirely  from  it,  and 
they  do  not  seem  to  be  any  thing  but  the  results  of  the 
divergence  of  the  fibres. 

Every  part  of  the  surface  of  the  stem  appears  en- 
dowed witli  the  faculty  of  producing  roots ;  this  we  see 
very  clearly  in  the  rliizomata  or  subterraneous  stems  of 
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the  Ferns  of  our  climates.  I  have  in  my  possession  the 
lower  part  of  a  Tree  Fern,  which  M.  Perrottet  has  had 
the  kindness  to  send  to  me  from  Martinique ;  it  is 
covered  for  about  three  feet  above  the  neck,  with  a 
thick  and  compact  plexus,  formed  of  an  immense 
number  of  little  fibrous  dry  brown  roots,  which  are 
situated  all  around  the  trunk,  forming  a  kind  of  cover- 
ing for  it ;  these  roots  have,  themselves,  surrounded  in 
their  growth  the  climbing  stems  of  Caladiiim,  which, 
seen  in  the  adult  state,  appear  to  have  perforated  this 
radical  tissue. 


§  7. — The  Stem  of  the  Lycopodiums. 

We  observe  in  the  Lycopodiums  two  distinct  but  con- 
tinuous parts  ;  on  the  exterior  is  a  kind  of  envelope  of 
round  cellular  tissue ;  in  the  centre  is  found  a  small 
cylindi'ical  column,  composed  of  striped  and  dotted  ves- 
sels, surrounded  by  elongated  cellules ;  and  the  branches 
are  formed  of  little  bundles,  which  separate  from  the 
central  cylinder,  and  where  the  cellular  tissue  is  deve- 
loped on  the  exterior,  according  as  it  is  found  free  from 
the  pressure  of  the  neighbouring  fibres.  This  cellular 
envelope  of  the  Lycopodiums,  and  of  several  other 
Endogens,  has  only  a  general  resemblance  to  that  of 
the  bark  of  Exogens,  but  there  is  nothing  in  it  like 
the  cortical  layers  or  the  liber. 

The  Isoetes  is  a  kind  of  Lycopodiaceous  plant  of  inun- 
dated places.  Its  stem,  instead  of  being  elongated  and 
filiform,  as  in  the  other  genera  of  the  family,  is  thick, 
oval,  slightly  triangular,  and  has  the  appearance  of  a 
tubercule :  this  stock  presents  a  bundle  of  primitive  roots, 
which  spring  from  the  base  ;  and  three  lateral  bundles, 
which  are  developed  as  adventitious  roots  in  three  longi- 
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tudinal  furrows.  That  which  appegirs  most  singular  in 
its  history  is,  that  from  time  to  time,  (at  periods  which 
I  have  not  been  able  to  determine,  but  I  believe  each 
year,)  three  disks  are  "detached  and  thrown  off  from  the 
three  round  sides  of  the  stem.  These  oval  disks  bear 
upon  their  sides  the  remains  of  roots,  which  were  the 
most  external  of  each  of  the  bundles  of  adventitious  roots. 
I  have  not  been  able  to  discover  any  vessels  in  this 
opaque,  compact,  and  almost  farinaceous  mass  of  the 
stem  or  stock  of  the  Isoetes ;  but  I  am  inclined  to  believe 
that  they  exist,  since  the  leaves  are  furnished  with 
stomata. 


Art.  II. — Of  the  Formation  of  the  Branches 
IN  Endogenous  Stems. 

From  what  we  have  seen  in  the  preceding  Article,  it 
is  clear  that  the  structure  of  Endogens  appears  less  uni- 
form than  that  of  Exogens :  and  that  which  relates  to 
their  ramifications,  presents,  in  particular,  much  diver- 
sity. The  real  number  of  these  irregularities  also  seems 
increased  by  this  circumstance,  that  the  number  of  woody 
Endogens  with  which  we  are  accurately  acquainted  is 
very  inconsiderable,  and  that  we  have  very  frequently 
neglected  the  intermediate  forms  which  might  have  been 
able  to  give  us  an  explanation. 

If  in  this  as  yet  imperfect  state  of  the  science,  we 
endeavour  to  give  an  account  of  the  ramifications  of  En- 
dogens, we  shall  find  great  difiiculties.  It  appears  to  me 
very  likely  that  in  the  axil  of  each  leaf  there  exists,  as 
in  Exogens,  a  vital  point,  or  latent  bud ;  and  that  this 
rudiment  can  be  developed,  or  not,  according  to  circum- 
stances. When  the  leaves  are  placed  upon  a  knot,  or 
plexus  of  vessels,  which  arrests  the  progress  of  the  sap, 
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and  also  often  presents  a  deposit  of  nourishment,  then 
the  bud  is  frequently  developed  into  a  branch ;  this  is 
what  happens  in  Grasses,  Calamus,  and  Eqiiisetuvi. 
But  when  the  stem  does  not  present  a  natural  knot, 
there  are  accidental  causes  which  make  it  branch.  I 
shall  point  out  some  of  them. 

If  the  top  of  the  stem  of  an  Endogen  be  cut  off,  the 
buds  which  are  found  in  the  axils  of  the  upper  leaves 
receive  the  sap  which  naturally  would  have  been  employed 
in  the  elongation  and  nutrition  of  the  central  and  ter- 
minal portion  ;  these  buds  grow  and  form  branches  :  if 
one  of  them  be  better  situated  than  the  others  for  its 
development,  it  alone  elongates,  and  the  stem  seems 
to  remain  simple,  although  it  is  really  branched  ;  if  two 
or  more  of  these  buds  are  equally  developed,  the  stem  is 
bifurcated.  Such  are  the  facts  of  which  there  is  evidence 
in  our  botanic  gardens,  when  it  is  desired  to  multiply 
Endogens,  or  to  make  them  branch  :  thus,  when  the  top 
of  a  stem  of  Yucca,  Littoea,  or  of  every  other  analogous 
plant  is  cut  off,  it  causes  it  to  produce  branches.  When 
the  centre  of  a  trunk,  exposed  to  view  by  this  horizontal 
section,  is  very  watery,  it  is  cauterized  by  a  hot  iron  ; 
by  this  operation  its  decay  is  prevented,  and  the  axillary 
buds  attract  the  sap  of  the  lateral  parts  of  the  trunk, 
which  is  sufficient  for  their  development. 

This,  which  the  results  of  cultivation  show  us,  is 
also'presented  to  us  in  nature,  either  accidentally — as  for 
example,  when  the  top  of  a  stem  is  broken  off  by  the 
v/ind — or  naturally,  when  the  flowering  takes  place. 

The  scapes  of  a  great  number  of  Endogens  arise  from 
the  summit  of  the  stems  ;  as,  for  example,  in  Yucca, 
Littoea,  several  species  of  Draccena,  &c.  When  the 
flowering  is  over,  and  the  seeds  ripe,  the  sap  is  no  longer 
attracted  to  the  scape ;  and  the  stem,  being  arrested  in  its 
growth  by  the  presence  of  this  inert  body,  cannot  elon- 
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gate :  tlien  one  of  two  things  happens  ;  either,  as 
in  most  of  our  herbaceous  Liliacese,  the  floral  stem 
entirely  perishes ;  or,  as  takes  place  in  the  woody  Lili- 
aceas,  the  stem  remains,  the  uppermost  buds  are  deve- 
loped and  form  true  branches,  several  of  which  spring 
from  the  upper  part  of  the  stem.  It  is  in  this  m.anner 
that  the  ramifications  of  Yucca,  Dracaena,  Sec.  are 
formed.  I  am  inclined  to  believe  that  it  is  the  same  cause 
which  produces  the  bifurcation  of  Hyphcene  coriacea, 
which,  in  my  opinion,  bifurcates  from  a  cause  analogous 
to  that  which  takes  place  in  the  Lilac  and  Chestnut. 

The  terminal  decapitation  of  Endogenous  stems,  pro- 
duced either  by  accident  or  by  the  flowering,  appears  to 
me  the  clearest  of  the  causes  of  the  ramification  of  several 
of  them ;  but  there  are  ramifications  of  Endogens  which 
cannot  be  explained  in  this  mamier. 

Thus  we  sometimes  see  buds  and  lateral  branches 
developed  in  the  lower  parts  of  trunks ;  for  example, 
towards  the  base  of  the  stems  of  Yucca,  or  of  the  Date 
Palm,  most  frequently  near  the  neck.  It  is  very  likely 
that  these  buds  are  favoured  in  their  development  either 
by  the  humidity  of  the  soil,  or  by  the  slight  stagnation 
of  the  descending  sap  which  takes  place  at  the  neck. 
The  origin  of  these  adventitious  buds  is  very  obscure  in 
Endogens;  but  if  we  think  a  little,  it  is  not  better 
known  in  our  Exogenous  trees,  where  this  phenomenon 
is  very  frequent.  Finally,  there  are  Endogens  where 
the  axillary  buds  are  developed  with  the  greatest  faci- 
lity, although  there  is  no  appearance  of  any  stagnation 
of  the  sap  in  the  neighbouring  parts ;  this,  for  example, 
takes  place  in  Asparagus,  Ruscus,  &c.  It  is  perhaps 
worthy  of  remark,  that  in  the  Asparageae,  which  are 
much  branched,  the  true  leaves  are  abortive,  and  are 
reduced  to  simple  scales  :  is  it  on  account  of  this  abortion 
of  the    leaf  that   the   bud    is   developed  ?     I   think  so, 
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because  of  the  coincidence  of  the  facts,  but  I  ought 
to  confess  that  the  cause  is  unknown  to  me.  I  will 
also  add,  that  among  Exogens  similar  phenomena  are 
found ;  thus  the  leaves  of  the  Barbary  are  transformed 
into  spines,  and  all  the  buds  are  there  developed 
into  bundles  of  leaves;  the  leaves  of  Firs  are  trans- 
formed into  scaly  membranes,  and  the  axillary  buds 
are  there  developed  into  bundles  of  leaves.  Among 
Endogens  it  is  the  same  in  the  Asparageae ;  the  abortion 
of  the  leaves  of  Asparagus,  and  their  changes  into  mem- 
branes, cause  the  development  of  the  axillary  buds  into 
bundles  of  leaves  and  peduncles.  The  abortion  of  the 
leaves  of  the  Ruscus,  and  their  change  into  membranes, 
causes  also  the  development  of  the  bud  into  a  flattened 
branch,  in  form  resembling  a  leaf,  by  which  name  it  has 
often  been  called ;  but  it  is  afterwards  seen  to  bear  the 
bracts  and  flowers. 

The  observations  which  I  have  given,  tend  to  make  us 
conclude  that  the  origin  of  the  branches  in  Endogens  is 
not  perceptibly  different  from  that  of  Exogens ;  but  if 
they  are  more  seldom  seen  here,  it  arises  from  the  mass 
of  the  fibres  being  directed  towards  the  summit :  the 
terminal  bud  is  larger  and  stronger,  since  it  attracts  the 
greatest  part  of  the  sap,  which  can  only  go  to  the  lateral 
buds  when  the  action  of  the  terminal  one  is  either  de- 
stroyed by  its  obliteration,  or  balanced  by  the  lateral 
stagnation  of  the  sap.  But  these  causes  of  the  lateral 
stagnation  of  the  sap  are  so  much  the  more  rare,  as  the 
external  part  of  the  trunk  is  more  completely  hardened ; 
which  explains  why  woody  Endogens  are  less  frequently 
branched  than  herbaceous  ones. 

This  last  consideration  leads  naturally  to  the  explana- 
tion of  one  of  the  greatest  anomalies  of  the  growth  of 
Endogens  ;  viz.,  that  some  do  not  increase  more  in 
diameter  after  a  given  term  ;  and  that  others  seem  to 
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enlarge  ahnost  indefinitely.  It  appears  to  me  clear  that 
this  difference  is  owing  only  to  the  degree  of  solidity  or 
hardness  which  the  tissue  of  each  species  acquii'es. 
When  the  old  fibres,  pushed  towards  the  outside  by 
the  interposition  of  young  ones  at  the  centre,  are  har- 
dened at  a  certain  age,  they  serve  as  a  solid  sheath  to 
all  the  central  bundle,  and  the  stem  does  not  increase  in 
diameter;  this  is  what  takes  place  in  Palms.  "When 
these  same  fibres  always  preserve  their  flexibility  or  sup- 
pleness, so  as  to  be  able  to  be  more  or  less  distended  by 
the  interposition  of  the  central  fibres,  the  stem  can  always 
increase  in  diameter  ;  it  is  this  which  happens  in  herba- 
ceous Liliacege,  and  almost  all  Endogens  with  soft  tissue. 


CHAPTER  II. 

OF    THE    ROOTS    OF    VASCULAR    PLANTS. 


Section  I. 
Comparison  of  Stems  and  Roots. 

It  is  usual  to  call  the  Root,  in  ordinary  language,  the 
part  of  plants  which  is  buried  under  ground  ;  and  a 
celebrated  botanist  (Hedwig)  wished  to  found  upon  the 
popular  character  the  same  definition  of  the  root,  which 
he  considers  as  differing  from  the  trunk  only  in  its 
position,  and  he  calls  it  Truncus  suhterraneus.  But 
this  definition  is  not  correct ;  the  stems  of  Ferns  and 
Liliaceoe  are  sometimes  aerial,  at  others  subterranean ; 
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the  roots  of  House-leek  (Sempervivum),  Sec.  are  in  some 
cases  exposed  to  the  air,  in  others  buried  under  ground. 
We  give  a  more  exact  idea  of  this  organ  in  saying  that 
the  Root  (radix;   racinej  is  that   part  of  the  plant 
which,  at  its  origin,  tends  to  descend  towards  the  centre 
of  the  earth  with  more   or  less  energy.     It  is  to  this 
prevailing  character  of  roots  that  some  naturalists  have 
made  allusion  when  they  have  designated  the  root,  in  a 
general  manner,  under  the  name  of  Descensus.     We 
have  already  seen  that  the  point  of  junction  of  the  root 
with  the  stem  bears  the  name  of  the  Neck  ;  from  it  the 
root  and  stem  proceed  in  opposite   directions,  so  that 
the  part  of  each  of  these  organs  nearest  the  neck  is  the 
oldest  and  usually  the  thickest  part  of  the  whole  organ ; 
it  may  be  considered  as  the  base,  whatever  be  its  po- 
sition :    the  part  of  the  root  which  is  near  the  neck  has 
been  named  the  Base  or  the  Head  of  the  root  (caput 
seu  basis  radicis) ;  the  part  which  is  the  most  distant  is 
designated  by  the  name  of  the  Extremity  of  the  root 
(Caudex  radicis,  Bose  ;  Caudex  descendens,  Lin.)     The 
root  and  stem  form,  as  we  have  seen,  two  conical  or 
cylindrical   bodies,    applied    to    one    another    by   their 
bases,  and  growing  by  the  apices ;  whence  it  necessarily 
results  that  the  ramifications  of  these  two  organs  are  in 
an  inverse  direction  one  to  another ;    the  stems  divide 
from  the  base  upwards,  and  the  roots  from  above  down- 
wards,— a  difference  which  gives  a  very  simple  means  of 
knowing  them  in  certain  doubtful  cases. 

A  second  character  of  Roots  is  that,  excepting  some- 
times the  extremity  or  spongiole,  they  do  not  become 
green,  even  when  they  are  exposed  to  the  air  and  light, 
the  action  of  which  almost  always  tends  to  render  the 
leaves  and  stems  green.  When  we  see  the  constant  white- 
ness of  Roots,  we  are  tempted  to  attribute  it  to  the 
subterranean  situation  which  seems  peculiar  to  them ;  but 
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tlie  roots  of  Hyacinths,  which  are  growjn  in  transparent 
glasses, — those  which  shoot  out  from  Bhizophora,  &c. — 
those  of  plants  which  live  in  water,  as  Ranuculus  aqua- 
tilis,  preserve  a  white  silvery  appearance,  with  the 
exception  of  their  extremity,  which  is  sometimes  green- 
ish ;  whilst  on  the  other  hand  the  stems  and  leaves  ai'e 
almost  entirely  green.  From  the  roots  never  being 
green,  physiologists  conclude  that  they  do  not  decom- 
pose carbonic  acid  gas,  and  do  not  disengage  any  oxygen 
by  the  action  of  light.  It  is  sufficient  for  me  here  to 
remark  this  phenomenon,  as  a  proof  of  the  difference  of 
nature  between  roots  and  stems. 

The  anatd^^isftl  structure  of  roots  in  general  is  dis- 
tinguished from  thatjtstems  by  two  prominent  charac- 
ters:— 1st,  by  the  to^pi  aosence  of  tracheae  ;  for  all  that 
has  been  heretofore  said  of  them  in  roots  is  found  to  be 
incorrect; — 2d,  by  the  total  asbence  of  stomata.  The 
internal  structure  of  roots,  compared  with  that  of  stems, 
does  not  present  any  other  perceptible  difference  in 
Endogens ;  we  remark  here,  in  the  same  manner,  fibres 
composed  of  dotted  or  striped  vessels,  intermixed  and 
surrounded  with  cellular  tissue. 

The  similarity  of  the  roots  and  stems  is  not  found  in 
Exogens  ;  the  medullary  canal,  which  in  these  plants 
accompanies  the  stem  through  its  whole  length,  stops 
suddenly  at  the  neck,  where  it  forms  a  cul-de-sac,  the 
root  being  entirely  devoid  of  pith ;  Grew  and  Malpighi 
observed  it  in  some  plants,  such  as  the  Borage,  Chicor}'^, 
Tobacco,  &c.  But  although  the  roots  of  Exogens  are 
devoid  of  pith,  the  medullary  rays  are  found  diverging 
from  the  centre  to  the  circumference,  and  often  more 
distinct  than  in  the  stem,  as  may  be  seen  in  the  Radish 
and  Carrot.  The  woody  body  of  the  roots  of  Exogens 
is  smaller  in  proportion  than  in  the  stem;  but  the 
absence   of  the  pith  seems  compensated  by  the  great 
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development  of  the  cellular  envelope  of  the  bark. 
This  development  of  the  external  cellular  tissue  appears 
to  arise  from  this — viz.  1st,  the  growth  of  the  woody 
body  being  less,  the  cortical  body  is  not  distended  so 
much  as  in  the  stem ;  2d,  the  subterranean  position  of 
roots,  which  tends  to  prevent  the  drying  up  and  alter- 
ation of  the  external  tissue.  It  is  also  to  this  position 
imder  ground  that  the  dull  and  dark  appearance  of  the 
epidermis  of  most  of  them  ought  to  be  ascribed. 

We  have  seen,  in  speaking  of  stems,  that  their  shoots 
grow  throughout  their  whole  length,  until  they  abso- 
lutely cease  to  elongate.  It  is  not  the  same  with  roots ; 
they  only  lengthen  by  their  extregiitie^  ^;he  position 
and  respective  distance  of  the  JHeral  radicules  be  re- 
marked, we  can  easily  assure  ours^es  of  this  important 
fact.  If  dots  of  coloured  varnish  be  marked  upon  the 
roots  of  the  Hyacinth,  the  Bean,  &c.,  or  if  small  pieces 
of  thread  be  fastened  to  them  at  equal  distances,  we  see 
that  all  these  marks  remain  at  exactly  the  same  distance 
at  which  they  were  placed,  and  the  root  is  prolonged 
beyond  them ;  whence  we  know  that  the  roots  only  grow 
by  their  extremities.  Duharael,  who  first  made  this 
important  experiment,  has  also  remarked,  that  roots 
when  cut  never  elongate, — a  necessary  consequence  of 
their  never  lengthening  but  by  the  extremity.  It  is 
from  this  growth  of  roots  solely  by  their  extremities, 
and  of  young  shoots  by  their  whole  length,  that  Mr. 
Knight  has  deduced  the  most  ingenious  and  plausible 
explanation  of  the  descending  direction  of  roots,  and 
the  ascending  one  of  stems. 

The  growth  of  roots  in  diameter  takes  place  in  each 
class  of  plants  as  in  the  stems  themselves  ;  thus  the 
roots  of  Endogens  are  cylindrical  processes,  more  or 
less  thick ;  whilst  those  of  Exogens  are  simple,  or 
branched  reversed  cones. 

p2 
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If  we  continue  to  compare  the  roots  with  the  branches, 
we  more  readily  see  that  they  are  not  organs  of  the 
same  kind,  as  many  authors  have  thought ;  their  origin 
is  entirely  different,  at  least  in  Exogens :  the  branches 
spring  from  a  bud,  which  is  a  process  continuous  with  the 
bark,  and  which  encloses  the  branch  perfectly  formed, 
but  in  miniature  :  true  roots  always  arise  without  buds, 
and  those  which  are  produced  by  the  bark  of  trees  pro- 
ceed from  the  lenticels,  which  never  give  origin  to  any 
branch.  The  branches  are  disposed  in  an  order  which 
is  naturally  regular,  and  analogous  to  that  of  the  leaves ; 
the  roots  arise  most  frequently  without  any  determined 
order,  or,  if  there  be  any,  it  is  different  from  that  of  the 
branches;  thus  the  French  Bean  has  the  leaves  quin- 
cunx, and  its  roots,  placed  in  water,  shoot  out  radi- 
cules  in  four  longitudinal  rows  :  the  Mayanthemuni  has 
two  altei-nate  leaves,  and  the  radicules  are  verticillate 
around  the  central  root.  This  disposition  of  the  roots 
is  subject  to  great  variations,  on  account  of  the  obstacles 
which  the  soil  opposes  to  them.  I  have  observed,  in 
an  experiment,  that  the  roots  of  the  same  species  of 
Willow  are  very  different  from  one  another,  as  regards 
the  size,  and  also  the  disposition  of  the  lateral  radicules, 
according  as  they  have  been  grown  in  pure  water,  or  in 
that  which  was  coloured  by  cochineal. 

Branches  often  present  articulations  ;  roots  are  always 
devoid  of  them.  Their  knots  even,  when  they  exist, 
have  only  a  very  remote  connexion  with  those  of  stems 
and  branches. 

We  may  also  remark  that  roots  are  but  little,  if  at 
all,  subject  to  some  of  the  causes  which  so  strangely 
modify  the  appearance  of  stems  and  leaves.  Thus  they 
present  hardly  any  kind  of  degeneration,  either  in  limb, 
scale,  tendril,  or  spine — phenomena  so  common  in  stems. 
The  junction  of  roots  with  one  another,  or  with  other 


THE    ROOTS    OF    VASCULAR    PLANTS.  213 

organs  by  tendrils,  is  either  very  rare,  or  perhaps  does 
not  exist ;  I  have  never  seen,  at  least,  any  but  doubtful 
examples.  But  the  abortion  of  roots  or  radiculesj  en- 
tirely or  in  part,  is  a  frequent  phenomenon,  and  one 
vehich  often  deranges  their  symmeti'y  of  position. 

Notwithstanding  the  numerous  differences  which  we 
have  enumerated  between  roots  and  stems,  there  are 
found  some  remarkable  points  of  connexion  between 
these  two  organs.  Thus,  for  example,  it  is  often  diffi- 
cult to  fix  with  precision  the  point  where  the  stem 
commences  and  the  root  ends.  Modern  authors  all  say 
that  it  is  where  the  lobes  or  cotyledons  are  found  at  the 
period  of  germination :  but  this  rule  is  evidently  false ; 
the  cotyledons  are  leaves,  and  are  always  placed  upon 
the  ascending  part  or  stem  ;  the  original  neck  is  always 
situated  below  the  cotyledons.  By  only  viewing  the 
germination  of  the  Bean,  this  assertion  is  demonstrated. 
We  shall  revert  to  this,  when  we  speak  of  the  structure 
of  the  embryo. 

A  second  circumstance,  which  has  induced  naturalists 
to  admit  the  pretended  identity  of  roots  and  stems,  is 
the  facility  with  which  one  of  these  organs  gives  origin 
to  the  other.  Every  time  that  in  any  part  of  the  sur- 
face of  a  plant  there  is  a  stagnation  of  the  juices,  new 
productions  are  developed,  as  if  these  stagnant  juices, 
meeting  with  latent  germs,  nourished  them  and  obliged 
them  to  grow.  If  this  part  be  surrounded  by  moist  soil, 
or  protected  from  the  air  and  light,  the  new  production 
is  a  root ;  if  it  be  exposed  to  the  air  and  light,  it  is  a 
stem  or  branch.  These  principles  are  equally  true, 
whether  they  be  applied  to  the  roots  or  stems,  to  the 
new  productions  which  are  formed  naturally  or  artifi- 
cially. Thus,  if  the  extremity  of  a  root  be  cut  off,  or  if 
a  ligature  or  incision  be  made  in  its  bark,  the  juices  are 
arrested  above,  and  new  roots  are  formed  there  ;  if,  on 
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the  contrary,  the  wounded  or  cut  root  is  found  near  the 
surface  of  the  soil,  instead  of  roots  it  is  a  young  stem 
which  is  developed.  It  is  for  this  reason,  that  on 
wounding  roots  extended  horizontally,  we  cause  trees 
to  produce  suckers. 

What  we  have  said  with  regard  to  roots  equally 
applies  to  steins.  If  a  ligature  or  incision  be  made  on 
the  bark  of  a  tree,  a  rim  is  formed  above  it ;  if  this  be 
surrounded  with  earth  and  wet  moss,  it  shoots  out 
roots :  this  is  the  rationale  of  the  manner  by  which 
cultivators  multiply  plants  by  layers.  If  a  branch  be 
cut  off  and  placed  in  the  ground,  the  part  which  is 
buried  produces  roots  :  this  is  what  takes  place  in  the 
multiplication  of  plants  by  cuttings.  Lastly,  if  after 
having  made  an  incision  or  ligature  on  the  bark  of  a 
tree,  the  rim  which  is  formed  be  allowed  to  be  exposed 
to  the  air,  it  frequently  develops  new  branches. 

AU  that  I  have  set  forth  with  regard  to  those  cases 
where  the  plants  have  been  submitted  to  the  influence 
of  man,  is  presented  in  certain  species  as  a  necessary 
consequence  of  their  organization.  Thus,  when  a  plant, 
instead  of  protruding  its  roots  vertically  into  the  earth, 
has  them  horizontally  under  the  surface  of  the  soil, 
each  time  these  roots  are  found  uncovered  by  the  effect 
of  the  inequalities  of  the  ground,  they  will  be  likely  to 
produce  new  stems.  This  is  what  happens  in  roots  said 
to  be  creeping ;  for  example,  those  oi Ranunculus  repens. 
In  the  same  manner,  prostrate  stems  having  one  of  their 
sides  constantly  exposed  to  the  moisture  of  the  soil,  are 
disposed  to  shoot  out  roots  from  this  side,  if  there  be 
ever  so  little  a  stagnation  of  their  juices.  This  is  what 
takes  place  in  the  creeping  stems  of  Mesemhryanthenmm 
linguiforme ,  M.  reptans,  &c. 

The  nodes  or  articulations  of  stems  are  points  where 
nature  has  prepared  beforehand  a  rest — a  stagnation  in 
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the  descending  juices ;  and  according  as  these  nodes  are 
exposed  either  to  the  shade,  drought,  or  moisture,  they 
produce  branches  or  roots.  It  is  for  tliis  reason  that 
stems  naturally  knotty  are  more  easily  multiplied  by 
layers  or  cuttings  than  others,  as  is  seen  in  the  Pink, 
the  Vine,  &c.  When  the  cellular  tissue  of  the  bark  of 
stems  is  very  abundant  or  fleshy,  the  bark  itself  is  con- 
stantly moist,  and  the  juices  are  more  stagnant  there. 
Plants  which  present  these  characters  have  hkewise  a 
predisposition  to  shoot  out  roots,  even  when  fully  ex- 
posed to  the  air,  as  is  seen  in  succulents,  particularly  in 
Cactus-,  Crassula,  Sedum,  Sec.  It  is  the  same  with 
roots  :  the  tubercules  which  are  developed  upon  some  of 
them  are  kinds  of  stores  or  magazines  of  juice;  these 
likewise  have  a  singular  tendency  to  emit  new  produc- 
tions. 

These  facts,  well  known  to  all  cultivators,  have  sug- 
gested to  Duhamel  and  some  others  the  idea  of  a  bold 
experiment,  from  which  false  conclusions  have  often 
been  drawn.  A  tree  is  selected  which  easily  takes  root 
by  layers,  such  as  the  Willow  ;  its  top  is  bent  towards 
the  ground  ;  the  extremities  of  its  branches  are  fastened 
down,  and  soon  strike  root  there :  when  the  roots  are 
developed,  the  trunk  of  the  tree  is  raised  up  so  as  to 
expose  its  old  roots  to  the  air,  and  place  it  in  an  inverted 
position ;  after  some  time  it  forms  a  new  cyme  furnished 
with  leaves  and  branches.  Mustel  and  some  physiolo- 
gists, who  have  spoken  of  this  experiment  of  inverting 
trees,  say  that  the  branches  are  changed  into  roots,  and 
the  roots  into  branches,  and  they  quote  this  fact  as  a 
decisive  proof  of  the  identity  of  these  two  organs  ;  but 
this  experiment,  when  better  analysed,  tends,  on  the 
contrary,  to  show  their  difference. 

It  is  true  that  the  branches  here  shoot  out  roots,  but 
all  the  young  shoots  perish  when  they  are  put  into  the 
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earth,  and  the  new  roots  proceed  entirely  from  points 
where  no  young  branches  existed ;  as  for  the  old  roots 
elevated  into  the  air,  all  the  small  ones  die,  and  adventi- 
tious buds  are  developed  upon  the  old  trunks. 

We  see,  then,  from  all  that  I  have  set  forth,  that 
althouorh  there  do  exist  resemblances  between  stems  and 
roots,  these  two  essential  organs  cannot  by  any  means 
be  confounded.  Hedwig  wished  the  root  alone  to  be 
considered  as  the  body  of  the  plant,  because  in  several 
perennial  herbs  the  stem  perishes  each  year,  and  the 
root  alone  retains  the  vitality  of  the  individual ;  but  it 
is  certain,  in  this  example,  that  the  stem  does  not 
entirely  perish ;  and,  moreover,  in  the  phenomena  of 
cuttings,  it  is  the  reverse  which  takes  place,  since  the 
stem  develops  new  roots.  The  stem  and  root,  then, 
ought  to  be  considered  as  of  equal  importance,  their 
union  constituting  the  body  of  the  plant.  A  plant,  then, 
is  composed  of  two  cones  (in  Exogens),  or  of  two  cylin- 
ders (in  Endogens),  applied  to  each  other  by  their  bases, 
placed  vertically,  and  elongating  indefinitely  by  their 
extremities. 


Section  II. 
Of  the  Parts  of  Roots,  and  of  their  various  Forms. 

Roots  considered  in  a  transverse  section  present,  as 
we  have  before  said,  the  same  parts  as  stems,  excepting 
that  those  of  Exogens  have  no  pith.  Considered  longi- 
tudinally, they  are  distinguished,  like  stems,  into  the 
trunk,  and  principal  or  secondary  branches ;  but  if  these 
parts,  which  form  as  it  were  the  fi'amework  of  the  root. 
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differ  but  little  from  that  of  the  stem,  yet  they  present, 
in  their  extreme  ramifications,  a  structure  which  is 
peculiar  to  them.  They  are  completely  devoid  of  the 
fiat  appendages  of  the  stem  which  are  known  by  the 
name  of  leaves  ;  and  most  of  them  ramify,  either  laterally 
or  by  their  extremities,  into  a  multitude  of  very  minute 
fibrils,  which  collectively  constitute  the  Chevelu.  Roots 
are  said  to  be  fibrous  when  they  have  many  slender 
branches,  and  this  term  is  especially  used  in  contradis- 
tinction to  tuberous  ones — that  is  to  say,  those  which 
have  distinct  swellings  in  some  part  of  their  length. 

The  trunk  and  principal  branches  of  the  roots  of 
Exogens  are  in  the  form  of  an  elongated  cone,  the  point 
of  which  is  directed  to  the  part  most  distant  from  the 
neck.  Their  increase  in  size  differs  but  little  from  that 
of  stems.  The  chevelu  is  formed  of  a  multitude  of  very 
minute  little  fibrils,  which  appear  cylindrical ;  they 
arise  without  any  fixed  order,  especially  where  there  is 
the  least  stagnation  of  juice.  It  is  sufficient,  for  exam- 
ple, to  cut  off  the  extremity  of  a  radical  branch  to  cause 
a  chevelu  to  be  formed  there. 

The  history  of  this  kind  of  fibrils  is  as  yet  but  little 
known,  its  subterranean  position  rendering  observation 
difficult.  Some,  considering  the  chevelu  as  almost  a 
peculiar  organ,  believe  that  it  falls  off  each  year,  and  is 
afterwards  reproduced ;  but  if  it  be  possible  that  it  dies 
and  is  destroyed,  it  is  scarcely  probable  that  it  falls  off 
in  the  strict  sense  of  the  word,  for  it  has  no  articulation 
at  its  base.  Others  have  thought  that  it  only  differs 
from  the  common  branches  of  the  root  by  its  minuteness 
and  multiplicity  ;  that  all  its  fibrils  are  equally  suitable 
for  being  transformed  into  radical  branches,  but  from 
the  great  number  of  them  which  are  produced,  there  are 
only  some  which  are  thus  developed,  and  that  the  others 
die  more  or  less  rapidly.     This  opinion,  founded  upon 
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analogy  with  that  which  takes  place  in  the  branches  of 
stems,  appears  to  me  for  the  present  very  reasonable ; 
but  I  confess  that  sufficient  proofs  to  clear  up  the  point 
are  wanting.  Is  it  developed  at  a  fixed  period  ?  Does  it 
fall  off,  or  is  it  destroyed  within  a  given  time  ?  Is  it 
capable  of  being  changed  into  radical  branches  ?  What 
is  its  mode  of  growth  in  length  and  thickness  ?  All 
these  questions  still  require  to  be  studied  by  direct 
observation. 

Roots,  considered  as  to  their  general  form,  present 
themselves  under  two  very  distinct  appearances :  the 
one  kind,  which  I  shall  call  with  a  single  base  (a  base 
unique),  have  a  conical  trunk,  simple  or  branched,  but 
single  at  its  base ;  and  at  the  period  of  their  first  deve- 
lopment their  radicle,  which  is  already  entirely  developed, 
only  elongates  or  ramifies.  These  compose  a  great  pro- 
portion of  the  roots  which  Richard  has  designated  by 
the  term  Exorhiz^,  and  which  exist  in  the  greater 
number  of  Exogens,  The  others,  which  I  shall  call 
FASCICULATED,  proceed  in  bundles,  more  or  less  distinct, 
from  a  common  base,  which  is  confounded  with  the  neck 
of  the  plant,  and  may  sometimes  be  taken  for  the  base 
of  the  stem,  and  sometimes  for  the  principal  trunk  of 
the  root.  These  come  exactly  within  the  class  of  Ex- 
DORHiz^  of  Richard ;  they  are  found  in  the  greatest 
number  of  Endogens,  and  in  Exogens  with  fasciculated 
roots.  The  chevelu  can  exist  in  both  classes  of  roots, 
but  is  much  more  frequent  in  the  first.  Let  us  pass 
rapidly  in  review  the  diversities  of  form  in  these  two 
classes. 

Among  the  roots  which  have  a  single  origin,  the  prin- 
cipal differences  can  be  derived  from  the  degree  of  their 
ramifications  ;  some  are  much  branched,  and  usually 
abundantly  provided  with  chevelus ;  they  are  called 
Fibrous    Roots  ;    others,    less    frequent,    are    nearly 
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simple  and  rather  thick  ;  they  have  almost  all  their  spon- 
gioles  united  into  a  single  bundle  at  the  extremity  of 
the  cone,  and  the  cellular  tissue  of  the  bark  is  generally 
much  dilated ;  they  branch  but  little  or  not  at  all,  and 
only  bear  here  and  there  some  fibrils,  which  are  fre- 
quently entirely  absent.  They  are  called  collectively, 
sometimes  by  the  too  vague  name  of  Tuberous  Roots, 
sometimes  bv  the  too  restricted  one  of  Fusiform 
Roots,  and  more  correctly  by  that  of  Spindle-shaped 
( Pivotantes ) ,  which  makes  allusion  to  their  constant 
vertical  direction;  such  are,  for  example,  the  roots  of 
the  Carrot,  Turnip,  Scorzonera,  &c.  The  Bistort  only 
differs  from  this  class  in  having  the  principal  trunk 
curiously  twisted. 

We  may  distinguish  among  simple  roots  two  varieties 
of  form: — 1st,  Fusiform  Roots  properly  so  called,  or 
those  which  are  nearly  in  the  form  of  a  spindle ;  such 
are  those  of  the  CaiTot,  &c.,  which  have  the  form  of 
an  elongated  cone.  2d,  Turnip-shaped  Roots,  or 
those  which  are  very  much  swollen  out  under  the  neck, 
and  abruptly  taper  to  an  elongated  point;  such  are 
those  of  the  Turnip,  the  Turnip-Radish,  &c.  The  ex- 
amples of  the  different  varieties  of  Radish  prove,  that 
this  form  hardly  differs  from  the  preceding. 

Roots  which  have  several  points  of  origin  near  the 
neck  present  also  several  distinct  varieties  of  form: — - 
1st,  There  are  some,  as  those  of  Grasses,  each  fibre  of 
which,  distinct  and  simple  at  its  commencement,  so 
ramifies,  that  the  divisions  of  each  of  them  resemble  the 
fibrous  roots  of  the  preceding  class  ;  the  name  fibrous 
has  also  been  given  to  them,  but  it  must  be  remarked, 
that  under  this  denomination,  roots  of  two  classes  are 
confounded.  2d,  Several  of  these  compound  roots 
shoot  from  their  neck  simple  cylindrical  fibres,  which 
descend,  either  remaining  parallel,  or  slightly  diverging ; 
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such  are  those  of  the  Hyacinth  and  jnost  of  the  Lili- 
acese.  3d,  It  often  happens  that  the  same  neck  gives 
origin,  both  to  cyUndrical  fibres  such  as  I  have  described, 
and  to  some  fibres  swollen  up  into  round  or  oblong  tu- 
bercules,  simple,  or  slightly  branched,  full  of  fecula  or 
mucilage,  which  seem  to  be  reservoirs  of  nutriment  in- 
termixed  with  absorbing  fibres:  such  are  the  fascicu- 
lated roots  of  most  of  the  European  Orchideje,  the 
Asphodels,  &c.  4th,  All  the  fibres  which  spring  from 
the  neck  may  present  swellings  more  or  less  evident, 
and  thus  form  bundles  or  bunches  of  oblong  tubercules ; 
such  are  those  of  the  Dahlia,  of  several  kinds  of  Ranun- 
culus, &c.  These  four  classes  of  compound  roots  are  so 
nearly  connected,  that  intermediate  examples  are  found 
between  all  of  them. 

We  designate  collectively  vmder  the  name  of  Tube- 
rous Roots,  all  those  which  have  swellings  in  any  part 
of  their  length  ;  the  preceding  enumeration  has  already 
proved  that  this  phenomenon  can  exist  in  very  different 
organizations.  We  may  also  add  to  these  examples, 
that  of  lateral  tubercules,  which  are  developed  here  and 
there  along  fibrous  roots  with  a  single  base  ;  as  for  ex- 
ample in  Ornithopus  perpusillus,  and  several  other  her- 
baceous Papillionacese,  and  that  of  the  swellings  or 
nodosities  which  are  observed  here  and  there  along  the 
fibres  of  several  fibrous  roots,  as  in  Taxodium.  But 
these  curious  swelhngs  seem  so  slightly  connected  with 
the  generality  of  the  structure,  that  they  can  be  but 
little  considered  as  classes  of  roots. 

It  must  also  be  observed,  that  several  tubercules  which 
seem  most  evidently  to  arise  from  the  root,  are  developed 
in  reality  along  the  lower  branches  of  the  stem  buried 
under  ground.  Dunal  was  the  first  who  proved  that  this 
took  place  in  the  Potato,  and  Turpin  has  confirmed  it. 
This  kind  of  tubercule  will  occupy  our  attention  elsewhere. 
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The  general  direction  of  roots  is,  as  we  said  at  the 
commencement,  to  descend  towards  the  centre  of  the 
earth  ;  but  if  we  compare  them  with  one  another,  we 
see  that  they  present  differences  in  this  respect ;  some, 
and  these  are  in  general  those  of  the  two  great  classes 
which  are  the  least  branched,  have  a  tendency  to  descend 
almost  vertically,  and  they  depart  very  little  from  this 
direction.  Branching  roots,  on  the  contrary,  present  in 
general  a  Tap-root  (pivot)  that  is  to  say,  the  principal 
trunk  of  the  root,  which  has  a  tendency  to  descend  ver- 
tically ;  but  the  lateral  branches  are  always  obliged  to 
separate  more  or  less. 

When  they  proceed  from  the  principal  trunk  at  a  very 
acute  angle,  and  tend  successively  to  be  directed  towards 
the  centre  of  the  earth,  they  come  under  the  general 
idea  of  roots ;  but  it  sometimes  happens  that  they  sepa- 
rate from  the  trunk  at  a  right  angle,  or  nearly  so,  and 
are  prolonged,  at  least  the  upper  ones,  nearly  parallel 
with  the  surface  of  the  ground ;  we  see  this  in  the  Ro- 
binia,  the  Elm,  &c. ;  roots  of  this  kind  are  said  to  be 
horizontal,  spreading,  or  creeping.  As  they  are  found 
near  the  surface,  they  are  often  exposed,  either  by  natu- 
ral accidents  or  by  the  hand  of  man,  and  then  they 
readily  shoot  out  new  stems.  In  this  case  the  new  indi- 
vidual, thus  developed,  may,  spontaneously  or  artificially, 
be  divided  from  that  which  gave  origin  to  it,  and  grow 
separately.  In  roots  of  this  kind  the  tap-root  frequently 
elongates  but  little,  and  sometimes  even  dries  up  or  be- 
comes hard  at  its  extremity. 
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Section   III. 

Of  Subterranean  and  Root-like  Stems  or  Branches. 

The  number  of  true  creeping  roots  is  smaller  than  is 
generally  believed ;  for  in  several  cases,  this  name  is 
given  to  true  branches  of  the  stem,  which,  springing 
from  very  near  the  neck,  are  developed  underground,  or 
on  a  level  with  the  surface,  as  is  the  property  of  all 
stems  in  similar  circumstances ;  it  is  thus  that  what  are 
called  roots  in  Triiicum  repens  and  Panicum  Dactylon, 
are  true  subterranean  branches  of  the  stem  which  shoot 
out  radicules  from  each  of  their  knots.  Carex  arenaria 
and  several  other  Cyperaceae  present  analogous  examples ; 
it  is  thus  that  the  pretended  roots  which  the  subterranean 
pods  of  Vicia  amphicarpa  and  Lathyrus  amphicarpos 
bear,  are  only  branches  of  the  stem  buried  luider  ground 
and  among  stones.  It  is  also  thus  that  the  root-like 
branches  which,  in  the  Potato,  bear  the  tubercules,  are 
only  the  lower  branches ;  and  therefore  it  is  found  ad- 
vantageous to  bank  up  the  bottoms  of  the  stems  of  this 
plant,  because  by  this  process  the  number  of  these  sub- 
terranean branches  is  increased.  Sometimes  the  base 
of  the  stem  itself  forms  a  kind  of  horizontal  trunk,  which 
elongates  by  one  of  its  extremities,  gradually  perishes 
at  the  end  most  distant  from  the  neck,  and  shoots  out 
radical  fibres  throughout  the  w^hole  of  its  lower  surface  : 
this  takes  place  in  a  great  number  of  aquatic  plants, 
such  as  the  Water  Lilies,  Potamogeton,  &c. ;  we  find  it 
also  in  the  herbaceous  Ferns.  Sometimes,  lastly,  the 
principal  stem,  without  changing  its  direction,  is  gradu- 
ally buried  by  the  raising  up  of  the  earth  around  it,  and 
takes  the  appearance,  and  also  in  some  respects  the 
structure,  of  a  root.     De  La  Roche  has  shown  a  very 


THE    ROOTS    OF    VASCULAR    PLANTS.  223 

remarkable  example  of  this  phenomenon  in  the  Eryngo, 
and  I  have  especially  verified  it  in  Eryngium  maritimum, 
which  grows  in  the  sand  on  the  sea-shore ;  its  stem  is 
sometimes  buried  several  feet  in  depth,  and  takes 
throughout  the  whole  of  this  length  the  appearance  of 
a  root ;  the  same  thing  happens  in  the  Echinophora  in 
the  same  situation,  and  I  have  mentioned  above  the  ex- 
ample of  the  Salix  herhacea,  which,  by  the  elevation  of 
certain  Alpine  soils,  becomes  a  kind  of  subterranean 
tree ;  in  these  different  cases  the  direction  of  the 
branches  towards  the  upper  side  is  the  character  by 
which  we  can  most  readily  distinguish  these  buried 
stems  from  true  roots. 


Section  IV. 


Of  Adventitious  Roots. 


Under  the  name  of  Adventitious  Roots  I  desia:- 
nate  those  radical  processes  which,  instead  of  springing 
from  the  radical  trunks,  are  developed  upon  the  stem 
and  branches,  or  sometimes  upon  other  organs.  These 
roots  (at  least  in  Exogenous  trees)  proceed  from  the 
Lenticels,  which  we  have  described  in  Book  I.  Chap.  X. 
Sometimes,  as  in  Sedum  altissimum,  we  see  them  spring 
from  the  old  cicatrices.  As  for  Exogenous  herbs,  and 
those  trees  of  this  class  in  which  no  lenticels  have  been 
discovered,  and  also  with  regard  to  Endogens,  the 
adventitious  roots  may  proceed  from  almost  every  part 
of  the  surface,  and  their  development  is  caused  by  the 
lengthened  contact  of  moisture  with  a  part  of  the  sur- 
face disposed  to  this  production  of  roots ;  it  is  favoui'ed 
by  darkness,  heat,  and  especially  by  a  small  quantity  of 
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nourishment.  These  roots  arise  in  preference  from 
knots,  tubercles,  and  in  general  all  parts  where  there  is 
any  deposit  of  nutritive  matter.  The  art  of  making 
them  to  be  produced  constitutes  the  operation  of  laying, 
&c.  When  the  adventitious  roots  arise  in  the  air,  they 
most  frequently  present  themselves  under  the  form  of 
cylindrical  filaments,  of  a  silvery  white  colour,  descend- 
ing vertically  towards  the  ground ;  we  see  this  in 
Ficus  elastica,  Clusia  rosea,  Mhizophora,  succulent 
plants,  &c.  The  length  of  these  filaments  reaches,  in 
Clusia  and  Rhizophora,  from  eighty  to  one  hundred 
feet.  Sometimes  they  ramify  even  when  they  are  pro- 
duced in  the  air,  as  for  example  in  Rhus  radicans ;  this 
ramification  is  especially  frequent  when  the  roots  are 
produced  in  wet  moss  or  earth. 

Turpin  has  observed  that  adventitious  roots  do  not 
augment  in  diameter  before  they  reach  the  soil ;  but,  as 
soon  as  they  begin  to  absorb  nourishment,  they  give 
origin  to  lateral  roots,  and  they  themselves  grow  in 
a  remarkable  degree. 

There  are  some  plants  in  which  adventitious  roots 
alone  are  found ;  such  are  those  which  undergo,  at  the 
period  of  germination,  that  kind  of  destruction  of  their 
base  which  I  have  spoken  of  in  the  preceding  section, 
and  whence  it  results  that  the  true  root  is  not  developed, 
and  that  the  base  of  the  stem,  usually  buried  in  the 
earth,  takes  the  appearance  of  a  root ;  this  stem  shoots 
out  then  a  multitude  of  adventitious  roots,  and  it  is  with 
these  alone  that  the  plant  is  provided.  This  phenome- 
non frequently  takes  place  in  the  subterranean  stems  of 
herbaceous  Ferns,  and  in  a  great  number  of  Monocotyle- 
dons, such  as  Allium  senescens,  &c.  It  is  found  in 
Dicotyledons — in  the  Water  Lily. 

Leaves  are  capable  of  producing  adventitious  roots, 
especially    along    their   petioles :     this    is    observed    in 
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particular  in  leaves  of  a  firm  texture,  such  as  those  of 
the  Orange,  Ficus  elastica,  &c.  By  this  property  we 
are  sometimes  enabled  to  multiply  these  species. 


Section  V. 
Of  the  Functions  of  Roots. 

The  functions  essentially  peculiar  to  roots  are — 1st,  to 
absorb  nourishment;  2d,  to  fix  the  plant  to  the  ground. 
The  union  of  these  two  uses  is  necessary  for  an  organ 
deserving  the  name  of  root;  thus  in  certain  plants,  such 
as  the  Fuci  or  the  I^'y,  we  observe  root-like  appendages, 
which  fix  them  to  solid  bodies,  but  which  do  not  serve 
to  absorb  nourishment ;  these  are  not  roots,  but  Cramps 
(crampons).  In  others,  such  as  the  Dodder,  certain 
peculiar  tubercles  absorb  their  nourishment,  but  do  not 
serve  to  fix  them  to  the  soil ;  these  are  not  roots,  but 
Suckers.  Thus,  every  organ  which  unites  the  two 
conditions  above  mentioned  is  a  root,  and  all  roots  pre- 
sent this  double  function,  but  with  variations  and  modi- 
fications, which  deserve  a  detailed  examination. 

The  absorption  of  juices  by  the  roots  takes  place  solely 
by  the  extremity  of  each  radical  fibril,  or,  which  is  to  say 
the  same  thing,  by  the  spongioles  which  terminate  each 
of  their  ramifications.  Duhamel  had  some  idea  of  this 
when  he  remarked  that  young  trees  exhaust  the  earth 
very  near  their  trunk,  whilst  old  ones  with  horizontal 
roots,  such  as  the  Elms  on  the  sides  of  great  roads,  pro- 
duce this  exhaustion  at  a  distance  from  their  trmik,  the 
more  considerable  in  proportion  as  they  are  larger. 
Anatomists  have  confirmed  this  opinion,  in  remarking 
the  longitudinal  direction  of  the  fibres,  and  the  thickness 
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of  tlie  cellular  envelope,  which  prevents  -the  juices  from 
reaching  them  laterally.  Lastly,  Senebier  has  shown  it 
by  a  direct  experiment  made  upon  the  nearly  simple 
roots  of  the  Carrot:  he  plunged  one  entirely  into  water, 
and  of  another  he  only  put  the  extremity  in ;  in  both 
cases  he  saw  that  the  absorption  was  perceptibly  equal : 
afterwards  he  took  two  others,  putting  the  extremity  of 
one  into  the  water,  and  plunging  in  the  whole  surface 
of  the  other,  with  the  exception  of  its  extremity,  w^hich 
was  raised  in  such  a  manner  as  to  be  out  of  the  water ; 
the  first  absorbed  as  usual,  but  the  second  did  not  in 
the  least.  It  is  certain,  then,  that  the  absorption  of 
roots  only  takes  place  by  their  extremities ;  we  may 
here  mention  that  it  is,  then,  at  the  extremities  of  the 
roots,  and  not  at  the  base  of  the  trunk,  that  we  ought 
to  apply  water,  manure,  and  in  general  all  the  substances 
which  we  wish  plants  to  absorb. 

In  the  natural  state  of  things,  roots  always  having  a 
tendency  to  proceed  away  from  their  point  of  origin, 
either  in  a  vertical  direction  or  in  a  horizontal  one, 
constantly  meet  with  new  strata  of  earth,  the  nourish- 
ment of  which  has  not  been  exhausted ;  and  as  to 
natural  watering,  as  there  is  generally  a  certain  relation 
between  the  size  of  the  cyme  of  a  tree  and  the  length 
of  its  natural  roots,  it  is  found  that  the  rain,  after 
having  fallen  upon  the  cyme,  drops  naturally  at  the 
most  convenient  distance  from  the  trunk  to  reach  the 
extremity  of  the  roots. 

The  division  of  the  radical  fibres  has  the  utility  of  se- 
parating the  spongioles,  in  such  a  manner  that  each  of 
them  placed  in  a  situation  distinct  from  the  neighbour- 
ing ones  finds  some  sap  to  di'aw  up.  Those  which  have 
few  or  no  ramifications  have  all  their  spongioles  placed 
at  the  same  point;  whence  it  results; — 1st,  that  they 
ought  to  exhaust  of  juices   this  fixed  place  in  a  more 
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complete  manner,  but  leave  the  surrounding  earth  more 
intact ; — 2d,  that  the  accidents  which  reach  their  extre- 
mity are  more  serious  than  is  the  case  with  fibrous  roots, 
since  they  affect  at  the  same  time  all  the  mouths  of  the 
plant.  This  circumstance  ought  to  make  us  think  that 
tuberous  roots  are  much  more  deHcate  than  others  ;  but 
it  is  amply  compensated  by  another  peculiarity  in  their 
structure :  all  of  them  enclose  a  more  or  less  consider- 
able deposit  of  nutritious  matter,  either  feculent  or  mucil- 
aginous ;  whence  it  results  that  they  can,  in  certain  cases, 
fiu-nish  the  plant  with  nourishment  for  some  time,  when 
absorption  by  the  exterior  is  stopped,  just  as  animals 
provided  with  depositions  of  fat  can  resist  abstinence 
longer  than  others.  It  is  a  law,  usually  tolerably  true, 
as  to  the  general  organization  of  roots,  that  the  less 
numerous  and  dispersed  the  spongioles  are,  the  more  they 
present  deposits  of  nutriment  prepared  beforehand. 

Spindle-shaped,  or  deep  roots  having  their  spongioles 
united  near  the  lower  extremity  and  always  having  a  ten- 
dency to  elongate  vertically,  ought  to  fear  less  than  all 
others  both  the  severe  frosts  of  winter  and  the  great 
drought  of  summer,  because  their  action  is  exercised  in 
a  stratum  of  earth  less  submitted  to  the  influence  of  the 
atmosphere.  Creeping  roots  present  the  opposite  ex- 
treme ;  they  are  more  affected  by  too  cold  or  too  dry 
temperatures,  but  they  also  profit  more  rapidly  from 
favourable  atmospheric  influences. 

The  use  of  roots  with  regard  to  the  manner  in  which 
they  fix  the  plant  in  the  earth  is  also  singularly  favoured 
by  their  ramifications,  by  which  the  points  of  attachment 
are  multiplied — by  their  vertical  direction — or  by  their 
size.  In  general,  if  individuals  of  the  same  species  be 
considered,  there  is  a  constant  relation  between  the  size 
of  the  stem  or  branches  and  that  of  the  root ;  but  this 
does  not  exist  in  different  species.     Thus,  a  great  tree, 
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as  the  Fir,  has  its  roots  smaller,  not  only  relatively, 
but  in  certain  situations  absolutely  speaking,  than  the 
Lucerne  or  such  other  smaller  herb  than  itself. 

Generally,  spindle-shaped  roots  do  not  descend  beyond 
a  few  feet  in  depth,  because  below  this  limit  they  either 
meet  with  strata  of  earth  too  hard  for  them  to  pierce,  or 
they  cannot  sufficiently  enjoy  the  influences  of  the  atmo- 
sphere. 

Some  spindle-rooted  plants,  such  disEryngium,  although 
their  root  is  sometimes  found  buried  at  a  very  great  depth, 
do  not  form  a  real  exception  to  this  rule ;  for  more  fre- 
quently, especially  on  downs,  as  I  have  said  above,  it  is 
the  earth  which  is  elevated,  and  not  the  plant  which  has 
descended ;  and  the  greatest  part  of  that  which  is  taken 
for  the  root  is  formed  by  true  stems,  to  which  their  re- 
maining underground  has  given  the  appearance  of  roots. 

Horizontal  or  creeping  roots,  being  situated  in  such  a 
manner  as  to  be  prolonged  into  lighter  earth,  and  near 
the  influences  of  the  atmosphere,  are  those  which  take 
the  greatest  dimensions  in  length  ;  thus  the  roots  of  the 
Elm,  Rohinia  pseud-acacia,  Ailantus  or  Sumach,  are 
sometimes  prolonged  some  hundred  feet  beyond  the 
trunks  which  gave  origin  to  them ;  they  are  seen  to  in- 
sinuate themselves  under  buildings,  between  the  cracks 
of  walls,  and  often  to  produce  extraordinary  dilapidations 
at  a  great  distance  from  their  origin :  when  the  young 
radical  fibrils  creep  into  the  imperceptible  cracks  of  rocks 
or  walls,  and  as  they  there  find  a  favourable  nourishment, 
they  are  slowly  developed,  but  with  sufficient  force  to 
raise  up  enormous  weights,  and  to  move  masses  which 
would  seem  immovable.  When  roots  are  but  little 
branched,  or  divided  into  fibres  too  thick  to  insinuate 
themselves  into  cracks,  or  when  they  meet  with  invin- 
cible obstacles,  it  happens  either  that  the  root  takes  a 
very  different  direction  from  its  usual  one,  or  that  the 
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entire  tree  is  more  or  less  raised  above  the  soil  by  the 
growth  of  its  roots  which,  not  being  able  to  pierce  the 
obstacle  placed  before  them,  react  upon  the  tree  itself. 
It  is  thus  that  we  often  see  Palms,  cultivated  in  tubs, 
raise  themselves  up  above  the  surface  of  the  soil. 

Roots  spread  more  easily  in  light  earth ;  whence  it 
results — ]  st,  that  if  individuals  of  the  same  species  be 
compared,  they  are  the  more  firmly  attached  to  the  soil, 
as  the  soil  itself  is  more  friable  and  as  the  trees  more  re- 
quire it ; — 2d,  that  if  different  species  be  compared, 
those  with  long  roots  have  a  greater  tendency  to  grow  in 
light  earth  ;  and  those  with  short  ones,  which  in  a  light 
soil  would  readily  be  uprooted  by  the  wind,  can  main- 
tain themselves  in  a  more  compact  soil. 

We  have  been  examining  the  two  essential  functions 
of  roots  viz. — those  of  drawing  up  nourishment,  and  of 
fixing  the  plant  to  the  soil ;  it  now  remains  for  us  to 
say  a  few  words  of  two  less  general  uses,  which  can  only 
be  carefully  analyzed  in  Physiology. 

The  first,  which  I  have  already  transitorily  mentioned, 
is  that  several  tuberous  roots  present  deposits  of  nourish- 
ment prepared  beforehand,  and  which  nourish  the  plant, 
either  in  accidental  cases,  where  nourishment  ceases  to 
reach  it ;  or  at  periods  when  the  leaves,  not  having  as 
yet  been  developed,  are  not  able  to  elaborate  it,  as  at 
the  commencement  of  spring ;  or,  lastly,  at  the  time 
when  the  ripening  of  the  seeds  requires  a  superabund- 
ance of  nutritive  matter. 

Several  roots,  it  is  said,  ti'ansude  by  their  extremities 
excrementitial  juices,  the  origin  and  history  of  which 
are  still  but  little  known ;  but  they  appear  to  be  the 
cause  of  several  important  phenomena.  These  excre- 
tions of  roots  have  been  particularly  seen  by  Bruemans, 
and  they  deserve  the  greatest  attention  on  the  part  of 
Physiologists. 


2o0  VEGETABLE    ORGANOGRAPHY. 


CHAPTER  III. 

OF    THE    LEAVES    OF    VASCULAR    PLANTS. 


Section  I. 
Of  the  General   Structure  of  Leaves. 

The  Leaves  are,  as  every  one  knows,  those  expan- 
sions, generally  flat,  of  forms  so  various,  which  spring 
laterally  from  the  stem  or  branches  of  plants,  and  form 
oneof  their  principal  ornaments.  Turpin  calls  them  in 
a  more  general  manner  by  the  name  of  the  appendicular 
organs  of  plants,  joining  under  this  term  not  only  the 
leaves  in  their  natural  state,  but  all  the  other  lateral  or- 
gans of  stems,  which  are  only  modifications  of  them,  as 
we  shall  shortly  see.  We  shall  here  consider  them  in 
their  ordinary  state. 

When  they  are  studied  with  regard  to  Physiology, 
it  is  found  that  they  are  the  principal  organs  of  the 
aqueous  evaporation,  of  the  decomposition  of  the  gases 
and  juices,  and  consequently  the  most  essential  agents 
of  nutrition.  If  we  consider  them  anatomically,  as  it  is 
here  our  intention  to  do,  we  perceive  that  a  leaf  is  the 
expansion  or  spreading  out  of  one  or  several  fibres, 
which,  detaching  themselves  or  springing  from  the  mass 
of  the  stem,  spread  out  in  such  a  manner  that  each 
vessel  is  separated  from  all  the  others,  and  has  its  orifice 
more  or  less  isolated.  If  this  fundamental  idea  is  just, 
its  development  ought  to  explain  to  us  the  entire  struc- 
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ture  of  the  leaf,  and  the  variations  of  which  it  is 
susceptible. 

As  long  as  the  fibres  which  spring  from  the  stem  form 
a  bundle  but  Httle  or  not  at  all  spreading,  and  differing 
from  the  state  of  the  leaf  properly  so  called,  to  this 
bundle  the  name  of  Petiole  is  given :  it  is  the  same 
organ  which  is  commonly  called  the  stalk  of  the  leaf. 
In  contradistinction  to  the  petiole,  we  call  the  Limb  all 
the  part  where  the  fibres  are  more  or  less  diverging,  and 
where  their  spreading  out  is  more  or  less  perceptible.. 
There  are  some  leaves  the  expansion  of  which  com- 
mences at  the  same  point  where  the  fibres  quit  the 
stem :  these  are  said  to  be  sessile,  in  contradistinction 
to  petiolated  leaves,  or  those  furnished  with  petioles. 
We  shall  see  hereafter  that  there  are  also  leaves  devoid 
of  the  limb,  and  reduced  to  a  simple  petiole. 

As  leaves  are  furnished  with  or  devoid  of  the  petiole^ 
they  may  be  articulated  at  their  base  with  the  stem  or 
branch  which  bears  them,  and  then  they  are  said  to  be 
articulated  with  the  stem  ; — or  the  petiole,  or  the 
limb  when  it  is  absent,  may  be  united  to  the  stem  with- 
out an  articulation ;  we  say  then  that  the  leaves  are 
continuous  with  the  stem.  The  first  organization 
principally  occurs  in  leaves  with  ramifying  nerves,  and 
petioles  which  are  not  sheathing  ;  the  second,  in  leaves 
with  simple  nerves,  sheathing  petioles,  or  an  embracing 
limb.  We  shall  see,  by  and  by,  that  this  character  is 
connected  in  an  important  manner  with  the  duration  of 
leaves. 

When  the  parts  of  a  leaf  are  articulated  with  one 
another,  we  give  to  them  collectively  the  name  of  a 
Compound  Leaf,  and  reserve  that  of  Simple  Leaves 
for  those  all  the  parts  of  which  are  continuous.  The 
partial  limbs  of  compound  leaves  bear  the  name  of 
Leaflets. 


VEGETABLE  ORGANOGRAPHY. 

In  the  limb,  whether  sessile  or  petiolated,  are  distin- 
guished at  first  the  Nerves  ;  that  is  to  say,  the  bundles 
of  fibres  which  separate  from  one  another  at  the  base  of 
the  limb,  and  form  as  it  were  the  skeleton.  The  first 
bundles  which  spring  from  the  base  of  the  limb,  or  the 
prolongation  of  the  petiole,  bear  the  name  of  Primary 
Nerves  ;  their  immediate  ramifications  are  called  Se- 
condary Nerves  ;  the  divisions  of  these  are  the  Ter- 
tiary Nerves  ;  and  several  orders  of  them  might  be 
recognised,  until  we  arrive  at  the  last  ramifications  of 
the  fibrous  bundles  in  which  the  vessels  are  found  iso- 
lated. All  these  ramifications  collectively  foi'm  the 
fibrous  tissue,  which  is  as  it  were  the  skeleton  of  the 
leaf. 

The  interval  between  the  nerves — the  primary,  se- 
condary, &c.  is  more  or  less  filled  up  by  the  develop- 
ment of  cellular  tissue ;  and  it  is  this,  strictly  speaking, 
which  forms  the  Parenchyma  of  the  leaf:  but  it  must 
be  remarked,  in  order  to  comprehend  the  customary 
sense  of  terms  employed  in  Botany — 1st,  that  the  nerves 
which  project  but  little  or  not  all,  but  yet  are  visible, 
are  called  Veins  ;  and  2d,  that  under  the  name  of 
Parenchyma  is  generally  confounded  not  only  the  cellu- 
lar tissue,  properly  so  called,  but  also  the  last  ramifica- 
tions of  the  fibrous  tissue,  or  the  scarcely  apparent 
veins. 

The  nerves  of  leaves  differ  much  in  their  thickness, 
sometimes  being  very  considerable,  at  others  scarcely  or 
not  at  all  projecting  beyond  the  parenchyma.  In  general 
they  go  on  regularly  diminishing  in  thickness  from  the 
base  of  the  limb  to  their  extremities.  I  do  not  know 
that  this  law  has  more  than  a  very  small  number  of 
exceptions :  the  most  remarkable  is  the  leaf  of  an 
unknown  tree  from  Cayenne,  of  which  1  possess 
branches  in  my  Herbarium,  and  where  the  nerves  are 
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seen  swollen  into  kinds  of  oblong  tubercules  along  their 
ramifications. 

Care  must  be  taken  not  to  confound  with  the  true 
nerves,  certain  lines  produced  upon  some  leaves  in  their 
infancy  by  the  impression  of  the  median  nerve,  or  the 
border  of  other  leaves.  This  is  observed  in  a  singular 
manner  in  Ocotea  (PL  10,  fig.  1),  where  the  leaf,  inde- 
pendently of  its  ordinai'y  nerves,  presents  an  oblique 
line.  The  straightness,  obliquity,  and  variety  of  posi- 
tion of  this  line,  are  circumstances  which  clearly  distin- 
guish it  from  true  nerves. 

When  the  fibres  spread  out  to  form  the  limb  of  the 
leaf,  they  can  do  it  in  two  difierent  manners  (whether  it 
takes  place  at  the  extremity  of  the  petiole,  or  at  their 
issuing  out  of  the  stem) ;  they  may  either  spread  out 
upon  the  same  plane,  as  is  most  frequently  the  case — this 
forms  the  common  flat  leaves  ;  or  they  may  diverge  in 
all  directions,  forming  the  cylindrical,  swollen,  or  tri- 
angular leaves  of  certain  succulent  plants.  This  last 
disposition  of  the  nerves  can  so  easily  be  referred  to  the 
di\'ision  of  flat  leaves,  that  it  will  be  sufficient  for  us  to 
explain  these  latter  in  detail. 

The  limb  of  a  fiat  leaf  presents  three  distinct  parts: 
— 1st,  the  upper  surface  ; — 2d,  the  lower  one  ; — 8d,  the 
intermediate  space  which,  by  analogy  with  Carpological 
language,  I  shall  call  the  Mesophyllum.  "We  will  first 
examine  this  last  organ,  which  constitutes  the  body  of 
the  leaf. 

The  mesophyllum  is  formed  of  all  the  ramifications  of  the 
nerves,  and  of  the  cellular  tissue  which  fills  up  the  inter- 
vals between  them  and  surrounds  them :  the  less  these 
ramifications  separate  from  the  same  plane,  the  thinner 
is  the  leaf;  on  the  contrary,  the  more  they  separate  from 
this  plane,  the  thicker  will  it  be,  and  the  more  must  the 
cellular  tissue  be  developed  to  fill  up  the  intervals. 
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The  number  of  fibres  in  a  leaf  of  a.given  size  is  that 
which  most  influences  its  texture :  when  they  are  very 
numerous,  the  cellular  tissue  occupies  proportionally  a 
less  space,  and  the  leaf  is  composed  of  a  firmer,  a  more 
fibrous  tissue.  When  the  fibres  are  fewer  or  more 
separated,  the  cellular  tissue  is  more  developed,  and  the 
leaf  is  softer  or  more  fleshy.  If  the  leaves  of  the 
Fir  and  the  Orange,  on  the  one  hand,  be  compared  with 
those  of  the  Tobacco  and  the  Ficoids,  on  the  other,  we 
shall  have  nearly  the  extremes  of  these  differences ; 
it  is  also  met  with  in  the  leaves  of  the  same  species  ; 
thus,  of  two  similar  plants,  that  which  grows  in  a  more 
fertile  soil  vdll  have  its  leaves  softer, — the  natural  number 
of  the  fibres  is  not  changed,  but  the  development  of  the 
cellular  tissue  is  greater  ;  that  which  grows  in  a  barren 
soil  will  have,  with  the  same  number  of  fibres,  a  less 
developed  cellular  tissue.  The  leaves  of  the  same  indi- 
vidual may  present  analogous  differences,  according  as 
they  are  more  or  less  favoured  in  their  growth. 

These  considerations,  so  elementary  that  it  would 
perhaps  appear  better  to  omit  them,  give  us  the  reason 
of  some  facts  of  delicate  anatomy ;  thus,  for  example : 
— 1st,  we  have  seen,  in  speaking  of  the  Stomata,  that 
they  appear  to  be  the  upper  orifices  of  the  sap-vessels ; 
consequently,  the  larger  the  number  of  fibres,  or  in 
other  terms,  the  more  fibrous  a  leaf  is,  the  proportional 
number  of  stomata  will  be  greater  in  a  given  space  ; 
thus,  there  are  as  many  as  fifty  or  sixty  on  the  leaves  of 
the  Orange,  in  the  same  space  as  in  i\\e  Mesembryanthe- 
mum  there  are  but  five  or  six.  2d,  we  have  seen,  in 
speaking  of  Hairs,  that,  when  they  exist,  they  always 
arise  along  the  nerves  or  their  ramifications  ;  conse- 
quently when  a  leaf  is  young,  its  nerves  existing  akeady 
formed,  the  hairs  are  more  numerous  in  a  given  space, 
and  in  proportion  as  its  development  goes  on,  the  eel- 


THE    LEAVES    OF    VASCULAR  PLANTS.  235 

lular  tissue  enlarging  interposes  itself  between  the  fibres, 
separates  them,  and  at  the  same  time  the  hairs ;  so  that, 
even  when  they  are  not  thrown  off,  as  sometimes  hap- 
pens, the  old  leaves  appear  less  hairy  than  young  ones, 
and  the  leaves  of  plants  growing  in  a  fertile  soil  are  less 
so  than  those  which  have  grown  in  a  sterile  place  ;  con- 
sequently, in  general,  cultivated  plants  are  less  hairy 
than  wild  ones. 

The  mesophyllum  comprehends  probably  two  systems 
of  organs,  but  anatomy  has  not  yet  been  able  to  dis- 
tinguish them,  viz, — 1st,  a  system  which  receives  the 
ascending  sap,  brings  it  into  contact  with  the  air  for  its 
elaboration,  and  permits  the  exhalation  of  the  super- 
abundant parts ; — 2d,  a  system  which  receives  the 
elaborated  sap  and  conducts  it  back  to  the  stem,  where 
it  serves  for  nutrition.  Physiological  phenomena  prove 
the  existence  of  these  two  functions  in  leaves,  but  anato- 
mical observation  has  not  distinguished  them ;  it  is  not 
even  known  if  the  two  fimctions  are  performed  alter- 
nately by  the  same  organs,  or  if,  wliich  is  more  likely, 
they  are  the  consequence  of  two  different  systems. 

The  two  surfaces  of  leaves  are  composed  of  true 
cuticles,  and  all  that  we  have  said  of  that  organ  is  appli- 
cable to  them ;  in  particular,  it  may  be  observed,  on 
comparing  species  together,  that  the  cuticles  are  the 
more  easily  raised  as  the  fibrous  tissue  is  less  abundant 
in  proportion  than  the  cellular,  and  consequently  as  the 
number  of  stomata  of  one  surface  is  less.  In  other 
terms,  the  cuticle  is  easily  raised  in  plants  where  the 
cellular  tissue  is  abundant ;  thus,  very  herbaceous  leaves 
are  more  easy  to  peel  than  fibrous  ones  ;  but  when  the 
different  surfaces  of  the  same  species  are  compared,  this 
law  is  modified  by  a  contrary  one — viz.  the  cuticles  of 
leaves  are  more  easily  raised  where  the  most  stomata 
are  found,  because  the  evaporation  being  greater  there. 
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the  external  membrane  becomes  mo^e  firm.  Thus,  in 
each  leaf,  the  cuticle  which  is  easily  raised,  is  that 
where  one  ought  to  expect  to  find  the  stomata.  These 
two  laws,  in  appearance  contradictory,  modify  one 
another,  and  it  is  from  their  combination  that  all  the 
different  degrees  of  adherence  of  the  cuticles  of  leaves 
result. 

The  two  surfaces  are  often  very  different  from  each 
other ;  generally  the  upper  surface  presents  the  nerves 
scarcely  projecting,  and  consequently  has  a  more  even 
appearance  ;  it  has  a  less  quantity  of  hairs ;  it  is  fre- 
quently devoid  of  stomata,  or  has  a  less  number  than 
the  lower  surface ;  consequently  it  has  also  its  cuticle 
more  adherent,  whence  it  results  that  its  colour  is  of 
a  more  intense  green.  These  characters  of  the  upper 
surface  of  leaves  are  especially  very  decided  in  most 
trees — the  Pear,  &c.  for  example.  The  lower  sur- 
face presents  most  frequently  opposite  characters  to  the 
preceding;  its  nerves  are  more  projecting,  and  it  bears 
a  greater  number  of  hairs  ;*  it  alone  is  provided  with 
stomata,  or  at  least  it  bears  a  greater  number  than  the 
upper  surface ;  lastly,  its  cuticle  is  less  adherent,  whence 
it  results  that  the  colour  is  generally  paler. 

The  differences  between  the  two  surfaces  present 
peculiar  phenomena  in  floating  leaves,  such  as  those  of 
the  Water  Lily :  these  have  the  upper  surface  shining 
and  green,  and  the  lower  pale  and  dull,  but  nevertheless 
the  upper  surface,  being  alone  exposed  to  the  air,  alone 
has  stomata. 

Not  unfrequently  the  two  surfaces  almost  exactly 
resemble  each  other,  both  as  regards  the  number  of  the 

*  This  observation,  which  is  generally  true,  is  not  so  in  all  cases  ;  thus, 
we  sometimes  see  Astragalus  Hijpoglottis  with  its  leaflets  hairy  above  and 
smooth  beneath.  The  leaves  of  Passerina  hirsuta  are  woolly  on  the  upper 
surface  and  smooth  on  the  lower ;  but  the  number  of  these  exceptions  is 
very  limited. 
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stomata,  the  appearance  of  the  nerves,  the  degree  of 
their  greenness,  and  the  appearance  of  their  tissue ;  we 
observe  this  in  several  herbaceous  plants. 

But  as  the  two  surfaces  present  an  aspect  either  very 
different  or  very  similar,  they  do  not  appear  less  destined 
to  perform  a  special  function,  for  their  natural  position 
cannot  be  disturbed.  If  one  tries  to  turn  a  leaf  so  as 
to  direct  its  lower  surface  upwards  and  its  upper  down- 
wards, it  always  tends  to  regain  its  natural  position  ; 
and  if  it  be  retained  by  any  mechanical  means  in  this 
unnatural  position,  it  dies  very  soon.  In  trees  with 
naturally  drooping  branches,  the  leaves  turn  round 
more  or  less  completely  to  regain  their  true  position. 
This  fact  appears  to  indicate  that  the  return  of  leaves 
placed  in  a  position  contrary  to  their  natural  one,  is  not 
simply  owing,  as  might  be  believed,  to  their  petiole 
endeavouring  to  untwist  itself  by  the  mechanical  effect 
of  elasticity,  for  here  their  petiole  twists  spontaneously 
to  place  the  two  surfaces  in  the  position  which  is  proper 
for  them.  There  are  also  some  leaves  which,  without 
belonging  to  drooping  branches,  are  naturally  placed  in 
a  position  contrary  to  that  which  seems  natural ;  thus, 
Meyer  has  observed  this  in  the  limb  of  the  leaves  of 
Festicca  trinervata,  and  some  other  grasses.  The  cause 
of  this  phenomenon  is  as  yet  unknown. 

The  edge  of  the  leaf  is  caused  by  the  commissure  of 
the  two  cuticles :  in  flat  leaves  there  is  no  difficulty  in 
recognising  it,  but  in  three-cornered  ones,  such  as  those 
of  Mesemhryanthemum  acinaciforme,  the  upper  surface 
is  represented  by  the  upper  part  of  the  triangle,  although 
it  may  sometimes  be  very  narrow;  the  lower  angle  or 
the  keel  represents  the  longitudinal  nerve ;  the  two  lower 
surfaces  are  the  two  sides  of  the  lower  surface  of  the 
leaf;  the  upper  angles  are  consequently  the  commissures 
of  the  two  surfaces,  that  is  to  say,  the  true  edges  of  the 
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leaf.  In  cylindrical  leaves,  as  those  of  Mesembryanthe- 
muin  calamiforme,  neither  the  edges  nor  the  surfaces  can 
be  distinguished.  Lastly,  there  are  some  leaves  so  folded 
upon  themselves,  that  all  their  external  part  is  formed 
by  the  lower  surface ;  such  are  those  of  the  Iris,  which 
are  called  Ensiform  ;  they  seem  flat  like  ordinary  leaves, 
but  compressed  laterally,  instead  of  being  depressed; 
they  are  in  reality  folded  one  half  upon  the  other ;  their 
lower  angle  is  the  middle  nerve,  the  upper  one  is  the 
junction  of  the  two  edges. 

The  edges  of  leaves  present  some  peculiarities  worthy 
of  notice  ;  they  are  frequently  indurated :  when  they 
bear  hairs,  these  are  generally  stiifer  than  ordinarily,  and 
have  received  the  name  of  Cilias  ;  these  ciliae  indicate  the 
existence  of  a  marginal  nerve.  Sometimes,  especially  in 
leaves  with  ramifying  nerves,  the  ramifications  are  more 
or  less  directed  towards  the  edges,  and  their  extremity 
frequently  presents  a  point  or  small  tubercle,  from  which, 
in  favourable  cases,  may  arise  either  roots,  or  even  young 
individuals,  as  in  Bryopliyllum  Calycinum.  It  is  also 
from  points  analogous  as  to  their  position,  that  the  mar- 
ginal spines  are  sometimes  prolonged.  But  these  facts 
can  only  become  clear  after  we  have  examined  the 
disposition  of  the  n'irves. 


Section  II. 

Of  the  Distinction  between  the  Petiole  and  the  Limb  of 

Leaves. 

The  Petiole,  or,  as  it  is  commonly  called,  the  stalk  of 
the  leaf,  is  not  the  prolongation  of  the  limb,  as  the  popular 
terra  would  seem  to  indicate,  but,  on  the  contrary,  the 
base    or  support  of  the  limb,  the  as  yet   unexpanded 
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bundle  of  the  fibres  of  the  leaf.  Most  frequently  a  leaf 
is  composed  of  a  limb  and  petiole  ;  sometimes  it  is  devoid 
of  one  or  the  other  :  in  these  different  cases,  the  petiole 
assumes  various  appearances,  and  it  is  often  difficult  to 
recognise  its  existence  among  the  many  forms  it  takes. 
In  order  to  follow  it  in  all  its  metamorphoses,  we  will 
first  study  it  in  leaves  with  ramifying  nerves,  where  its 
structure  is  more  appreciable,  and  afterwards  in  those 
with  simple  ones. 

It  is  among  leaves  with  ramifying  nerves,  or  those  of 
Dicotyledons,  that  the  peculiar  structure  of  the  petiole  is 
most  evident,  and  in  which  it  can  be  studied  under  its 
most  simple  form  ;  it  is  there  presented  under  that  of  an 
elongated  and  nearly  cylindrical  bundle  of  fibres;  its  length 
is  very  variable — sometimes  it  is  longer  than  the  limb, 
sometimes  so  short  that  it  may  be  said  not  to  exist.  Its 
form  is  either  entirely  cylindrical, — or  slightly  depressed, 
— or  hollowed  into  a  channel,  the  upper  side  being  plane 
or  concave,  and  the  lower  raised  up  into  a  dorsal  angle, — 
or,  lastly,  much  compressed,  as  is  seen  in  the  Poplar,  in 
which  this  form  of  the  petiole  causes  the  extreme  mobility 
of  the  leaves.  In  ail  these  cases  the  petiole  is  simple, 
composed  of  a  certain  number  of  fibres  close  to  one 
another,  intermixed  with  elongated  cellular  tissue  ;  it 
never  bears  stomata,  but,  like  the  nerves  of  which  it  is 
the  base,  it  is  often  furnished  with  hairs  or  glands ;  its 
colour  is  usually  pale,  its  texture  firm  ;  it  does  not 
decompose  carbonic  acid,  and  assists  but  slightly,  if  at 
all,  in  the  evaporation  of  water. 

This  ordinary  form  of  the  petiole  is  modified  by 
difierent  cii'cumstances. 

1st.  When  the  edge  of  the  petiole  is  flattened,  it 
sometimes  happens  that  it  spreads  out  laterally  into  a 
flat  and  foliaceous  portion,  perfectly  resembling  the 
parenchyma   of  the    limb.     It   is   said  then    that   the 
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petiole  is  bordered  :  such  is,  for  example,  the  petiole 
of  Lathyrus  articulatus.  This  marginal  limb  is  endowed 
with  all  the  properties  of  the  ordinary  limb,  and  may 
replace  it,  physiologically  speaking.  It  is  likely  that 
that  wliich  is  called  the  leaf  in  the  Nepenthes,  is  a  bor- 
dered petiole,  and  that  the  true  limb  is  the  terminal 
cup.  It  is  possible  that,  in  the  Dioncsa,  the  name  of 
Bordered  Petiole  ought  to  be  given  to  the  lower  part  of 
the  leaf,  and  that  of  Limb  to  be  reserved  for  the  two 
irritable  lobes.  The  marginal  limb  of  bordered  petioles 
differs  in  general  from  the  ordinary  limb,  in  not  having 
lateral  projecting  nerves,  but  only  anastomosing  veins. 
In  compound  leaves,  if  the  petiole  be  bordered,  as  fre- 
quently happens,  the  border  is  interrupted  at  each  arti- 
culation when  the  leaflets  are  opposite.  Thus,  for 
example,  in  some  species  of  higa,  or  in  Fagara  pterota, 
the  petiole  is  composed  of  as  many  joints  as  there  are 
pairs  of  leaflets,  and  each  joint  is  bordered  by  a  folia- 
ceous  wing. 

Let  us  suppose  now,  as  frequent  examples  are  found 
among  compound  leaves,  that  all  the  lateral  leaflets  are 
wanting ;  two  things  will  happen : — If  there  be  no  ter- 
minal leaflet,  the  leaf  will  be  found  composed  of  joints 
placed  end  to  end  ;  this  is  what  is  called  a  LomenTa- 
ceous  Leaf,  and  of  which  a  Bignonia  (PI.  10,  fig.  2), 
discovered  in  Madagascar  by  Noronha,  affords  an  ex- 
ample.  Such  a  leaf  is  nothing  but  a  petiole  comjDosed  of 
bordered  joints,   the  leaflets  of  which  have  not  been 
developed.     If  the  terminal  leaflet  exist,  there  is  some- 
times a  bordered  petiole  terminated  by  a  single  leaflet; 
this  takes  place  in  the  Orange,  Citron,  Desmodium  tri- 
quetrum  (PI.  10,  fig.  3),  &c.     Sometimes  a  cylindrical 
petiole,  terminated  by  a  leaflet  also  cylindrical,  as  in 
Sarcophylliim  (PL  10,  fig.  4) ;  sometimes,  and  this  is  the 
case  most  frequently,  an  ordinary  petiole,   terminated 
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b}'  a  simple  leaflet,  as  is  seen  in  several  species  of 
Ononis,  &c.  These  different  examples  may  prove,  in 
some  degree,  how  easy  it  is  to  confound  the  limb,  pro- 
perly so  called,  wdth  the  bordered  petiole.  But  this 
confusion  is  of  but  little  importance  ;  for  it  may  be  said 
that  the  longitudinal  nerve  of  the  limb  being  a  prolonga- 
tion of  the  petiole,  all  limbs  are  only  bordered  petioles. 

2d.  There  are  some  Dicotyledons,  such  as  the  greatest 
number  of  UmbelHferge  and  Ranunculaceae,  in  which 
the  fibres  that  ought  to  form  the  petiole,  instead  of 
being  distributed  at  their  origin  in  a  compact  bundle, 
arise  side  by  side  in  a  transverse  series,  which  occupies 
either  all  the  circumference  of  the  branch,  or  a  remark- 
able portion  of  it.  The  base  of  the  petiole  is  then  flat, 
and  more  or  less  sheathing ;  but  soon  the  petiolary 
fibres  come  nearer  together,  and  form  bundles  as  usual, 
and  the  upper  part  of  the  petiole  does  not  differ  from 
those  with  a  round  base.  The  sheath,  although  flat, 
preserves  the  characters  of  the  petiole  ;  it  has  few  or 
no  stomata,  and  does  not  always  decompose  carbonic 
acid  gas. 

This  expansion  of  the  base  of  the  petiole  takes  place 
in  a  very  high  degree  in  the  upper  leaves  of  Lepidium 
perfoliatum,  Bupleurum  perfoliatum,  &c.  where  it  en- 
tirely takes  the  appearance  of  a  foliaceous  limb. 

In  the  upper  part  of  the  stems  of  the  Umbelliferge, 
these  petiolary  sheaths  are  frequently  seen  to  exist, 
although  they  have  not  been  able  to  produce  either  the 
foliaceous  limb,  or,  sometimes,  the  cylindrical  part  of 
the  petiole.  If  one  found  an  umbelliferous  plant,  which 
had  only  these  sheaths,  he  would  be  inclined  to  give 
them  the  name  of  leaves,  although  they  evidently  are 
sheathing  petioles  ;  thus  it  is  that  we  call  leaves,  in 
Lathyrus  Nissolia,  true  petiolary  sheaths,  which,  when 
they  are  entirely  devoid  of  the  limb,  dilate  still  more 
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than  ordinarily,  and  perform  in  some  respects  the 
physiological  function  of  leaves.  It  is  possible  that  to 
this  class  of  phenomena  the  singular  structure  of  Cycla- 
me7i  linearifolium  ought  to  be  referred.  Most  bracts  and 
several  scales  of  buds  are  degenerations  of  leaves  analo- 
gous to  those  which  I  have  been  pointing  out.  If  the 
scales  or  rudiments  of  leaves  of  Monotropa  be  compared 
with  the  base  of  the  petioles  of  Pyrola,  we  shall  consider 
them  as  petiolary  sheaths,  and,  by  analogy,  the  same 
ought  to  be  admitted  with  respect  to  Orohanche, 
Lathroca,  &c. 

The  petiole  of  the  Polygoneas  is  also  furnished  at  its 
base  with  a  membranous  and  sheathing  appendage, 
which  is  called  the  Ochrea  ;  but  its  anatomical  history 
still  presents  some  obscurity,  and  it  also  may  almost  be 
considered  as  a  petiolary  sheath,  or  as  formed  by  intra- 
axillary  stipules  united  together. 

3d.  It  sometimes  happens,  especially  when  the  limb 
is  not  developed,  that  the  petiole,  without  being  sheath- 
ing at  its  base,  dilates  throughout  its  entire  length, 
assuming  a  state  intermediate  between  foliaceous  and 
petiolary,  and  then  it  receives  the  name  of  Phyllo- 
DiUM  ;  thus,  when  most  of  the  Acacias  of  New  Holland 
are  examined,  we  see  that  in  their  infancy  they  present 
bi-pinnate  leaves,  with  a  slender,  nearly  cylindrical 
petiole.  As  the  plant  advances  in  age,  the  number  of 
leaflets  diminishes,  the  petiole  dilates,  and  by  degrees 
the  leaflets  completely  disappear,  and  all  the  leaves  are 
reduced  to  petioles  dilated  into  Phyllodia.  These  are 
flat,  coriaceous,  firm,  always  entire  at  their  edges,  provided 
with  longitudinal  nerves,  which  are  the  traces  of  the  fibres 
of  which  the  petiole  is  composed,  and  constantly  placed 
upon  the  stem  in  a  contrary  direction  to  true  leaves; 
that  is  to  say,  their  plane  is  nearly  vertical  instead  of 
being  horizontal  y  or,  in  other  terms,  their  surfaces  are 
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lateral,  instead  of  one  being  superior  and  the  other 
inferior.  There  are  some  species  which,  during  the 
whole  of  their  lives,  bear  a  mixture  of  petioles  furnished 
with  the  ordinary  leaflets,  and  of  petioles  transformed 
into  Phyllodia;  such  are  Acacia  heterophylla,  (PI.  6, 
figs.  2,  3,  4,  5,)  A.  Sophorce,  &c.  Some  bear  upon  their 
superior  edge  one  or  two  glands,  wliich  indicate  the 
place  where  the  ramifications  bearing  the  leaflets  ought 
to  take  their  origin.  All  these  characters  show  their 
petiolary  nature ;  but  the  fibres  of  these  petioles  are 
sufficiently  separated  to  admit  a  small  quantity  of 
parenchyma,  and  to  bear  stomata ;  whence  it  results 
that  these  organs  perform  physiologically  the  function 
of  a  limb.  Some  analogous  transformations  take  place 
in  some  species  of  Oxalis,  as  O.  Bupleiirifolia  and 
O.  fruticosa. 

Thai  which  we  have  clearly  seen  to  take  place  in  follow- 
ing the  history  oi  Acacia  heterophylla  I  presume  does 
so  equally  in  some  other  less  evident  cases.  Thus,  for 
example,  the  leaves  of  several  species  of  Bupleurum 
appear  to  me  to  be  true  Phyllodia ;  they,  in  fact,  com- 
pletely resemble  those  of  the  Acacias,  and  are  particu- 
larly analogous  to  them,  both  in  their  hard  extremity, 
which  denotes  an  abortion,  and  by  their  vertical  position, 
which  is  hardly  ever  met  with  in  the  true  limbs  of 
leaves.  These  reasons  are  corroborated  by  the  example 
of  Bupleurum  difforme;  this  name  has  been  given  to  the 
only  species  which  reveals  the  structure  of  the  leaves  of 
this  singular  genus.  In  its  young  state  it  has,  like  the 
A-cacias,  leaves  Avith  the  limb  developed,  and  cut  out  in 
the  manner  of  the  Umbelliferas :  when  full-grown  it 
has  only  Phyllodia.  It  is  also  to  this  or  the  preceding 
class  that  I  am  inclined  to  refer  the  leaves  of  Ranun- 
culus gramineus,  and  those  of  all  Dicotyledons  which 
seem  provided  with  longitudinal  and  parallel  nerves. 

R^ 
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4tli.  It  happens  more  seldom  in  some  plants  tliat  the 
leaflets  are  abortive,  and  that  the  petioles  remain  naked 
and  cylindrical,  without  elongating  into  tendrils,  or 
changing  into  a  spine.  This  takes  place,  for  example, 
in  Leheckia  nuda,  (PI.  10,  fig.  5,)  and  Indigofera  juncea, 
which  some,  for  this  reason,  have  said  to  be  Aphyl- 
lous. 

5th.  When  in  compound  leaves  the  extremity  of  the 
petiole  does  not  bear  a  leaflet,  it  then  frequently  hap- 
pens that,  remaining  soft,  it  is  prolonged  either  into 
a  little  process,  or  a  true  and  branching  tendril,  as  is 
seen  in  Orohus,  Vicia,  Lathyrus,  &c. ;  sometimes  even 
all  the  lateral  leaflets  are  abortive,  and  the  leaf  is  not 
composed  of  more  than  a  petiole  transformed  into  a 
tendril,  as  in  Lathyrus  aphaca  ;  but  in  this  example,  as 
well  as  in  the  Phyllodium,  the  leaves  of  the  young  plant 
frequently  present  leaflets  which  are  afterwards  wanting. 

6th.  Finally,  in  the  same  classes  of  compound  leaves 
where  the  terminal  leaflet  is  absent,  it  often  happens 
that  the  petiole  hardens  into  a  spine  at  its  extremity,  as 
is  seen  in  Astragalus.  I  do  not  insist  upon  these  two 
last  degenerations,  as  I  shall  revert  to  them  in  a  more 
general  point  of  view  in  Book  IV.  Chap.  I.  and  II. 

If  we  now  consider  in  the  same  manner  leaves  with 
simple  nerves,  or  those  of  Phanerogamous  Monocotyle- 
dons, we  shall  find  analogous  facts.  The  structure  of 
their  petiole,  when  it  exists,  is  modified  by  the  dis- 
position of  the  fibres :  they  are  always  placed  side 
by  side,  so  that  the  base  of  the  petiole  is  more  or 
less  sheathing ;  above  the  base  these  fibres  are  some- 
times united  into  a  triangular  or  semi-cylindrical  petiole, 
as,  for  example,  in  several  species  of  Hemerocallis, 
Alisma,  &c.  In  almost  all  the  Palms  we  find  also  a 
petiole  nearly  triangular,  expanded  at  its  base  into 
a  kind  of  dry  sheath,    the  fibres    of  which   are  very 
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visible,  and  often  denuded  of  parenchyma ;  b\it  fre- 
quently, also,  the  petiole  is  sheathing  and  foliaceous  ;  we 
see  this  particularly  in  the  Graminese,  where  it  bears  the 
name  of  Sheath.  This  cylindrical  sheath  surrounds 
the  stem  in  a  considerable  part  of  its  extent :  it  is  most 
frequently  split  throughout  its  whole  length,  because 
the  two  borders  remain  free.  It  bears  externally  at  its 
extremity  a  limb  with  parallel  nerves,  separated  from 
the  sheath  by  a  kind  of  hard  strangulation.  The  apex 
of  this  sheath  is  prolonged  interiorly  into  a  short,  scaly, 
and,  most  frequently,  erect  lamina,  which  has  received 
the  name  of  the  Ligule.  The  Cyperaceae  only  diifer 
from  most  of  the  Graminese,  with  regard  to  their  foliage, 
in  this:  1st,  that  their  sheath  is  almost  always  entire; 
that  is  to  say,  that  the  two  borders  are  joined  together 
so  as  to  form  a  true  cylindrical  tube ;  2d,  that  the 
ligule  is  often  absent ;  and  3d,  that  the  limb  is  less  dis- 
tinct from  the  sheath. 

There  are  examples  in  which  the  simultaneous  and 
constant  existence  of  the  limb  and  petiole  hardly  leaves 
any  doubt  upon  the  nature  of  either  of  them  ;  but  there 
are  doubtful  cases  which  deserve  particular  mention. 
If  we  examine  the  common  Sagittaria,  we  shall  find 
that,  when  it  grows  out  of  the  water,  all  its  leaves  have 
the  limb  and  petiole  distinct ;  when  it  grows  in  water, 
its  limb  is  nearly  always  abortive,  and  its  petiole,  in- 
stead of  being  triangular  or  cylindrical,  takes  the  appear- 
ance of  a  flat  foliaceous  ribbon,  terminated  by  a  small 
callosity,  analogous  to  that  which  is  observed  in  the 
petioles  of  Dicotyledons,  where  the  limb  is  abortive ;  it 
is  not  rare  to  find  plants  which  bear  these  two  kinds  of 
leaves  at  once.  The  same  phenomenon  happens  in  the 
Potamogetons,  where  the  leaves  floating  on  the  water 
have  a  similar  limb,  whilst  the  submerged  ones  are 
reduced  to  a  membranous  petiole.     The  comparison  of 
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the  different  species  oi Strelitzia  of  the  gardens  presents 
an  analogous  result;  their  petiole  is  sheathing  at  the 
base,  afterwards  cylindrical,  tapering  a  little  upwards  ; 
at  its  extremity  it  bears  a  very  distinct  limb,  which  is 
large  in  Strelitzia  regina,  half  the  size  in  S.  parvifoUa, 
and  completely  absent  in  S.  juncea,  in  which  the  organs 
which  are  called  leaves  are  petioles. 

To  the  foliaceous  organs  of  Monocotyledons,  which 
are  of  the  same  nature  throughout,  and  in  which  it  is 
impossible  to  distinguish  a  petiole  or  limb,  such  as  the 
Hyacinth  or  Aloe,  &c.  the  name  of  leaves  has  been 
given,  which  would  seem  to  indicate  that  they  are 
regarded  as  sessile  limbs ;  but  as  this  idea  has  been 
admitted  without  any  examination,  and  at  a  time  when 
no  one  knew  any  thing  of  the  degenerations  of  organs, 
the  question  remains  thus :  —  are  these  the  limbs  of 
leaves  devoid  of  petioles,  or  petioles  devoid  of  limbs? 

I  incline  to  the  last  opinion,  for  the  following  reasons : 
— 1st.  The  analogy  of  these  organs  with  leaves,  where 
a  limb  and  petiole  are  constantly  recognised,  is  evident. 
If  Strelitzia  juncea  has  only  petioles,  it  is  difficult  to 
believe  that  the  pretended  leaves  of  Littcea  can  be  of 
another  nature.  If  the  sheath  which  supports  the  limbs 
of  Epidendrum  be  a  petiole,  it  is  difficult  to  maintain 
that  the  sheath  of  other  Orchidess  is  not  one  also.  If 
the  sheath  of  the  Gramineae  be  a  petiole,  why  are  the 
sheathing  leaves  of  neighbouring  families  anything  else  ? 
2d.  In  the  two  classes  of  Vasculares  we  know  many 
examples  of  sheathing  petioles,  but  none  of  sheathing 
limbs.  All  the  limbs  of  leaves,  whatever  the  disposition 
of  their  nerves,  contract  at  the  base,  and  present  at  this 
point  a  divergence  of  their  fibres,  more  or  less  distinct ; 
it  is  observed  in  the  limbs  of  the  Aroidese,  Potamoge- 
tons,  Palms,  &c.  as  in  Dicotyledons  :  it  is  in  this  diver- 
gence that  consists  the  idea  of  the  limb  and  the  spreading 
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out  of  the  fibres.  But  all  these  leaves  spread  out  at 
their  base  as  petioles,  instead  of  contracting  as  limbs. 
3d.  Phyllodia,  or  petioles  without  limbs,  in  Dicotyledons, 
are  terminated  either  by  a  spine,  like  that  of  Aloes, 
or  by  a  tendril,  as  in  Flagellaria  and  Methonica,  or 
by  a  callosity,  as  in  the  Hyacinth,  and  a  multitude  of 
others.  These  different  modes  of  termination,  which 
indicate  an  abortion,  are  found  under  analogous  circum- 
stances in  both  classes.  4th.  The  study  of  Dicotyledons 
has  proved  that  there  exists  a  great  number  of  examples 
of  leaves  -without  limbs,  and,  consequently,  it  may 
equally  as  well  be  admitted  in  Monocotyledons.  This 
phenomenon  is,  in  each  class,  more  frequent  in  some 
families  than  in  others. 

I  think  then  that  in  this  class,  as  in  the  preceding, 
there  exist: 

1st.  Leaves  having  a  limb  and  petiole :  such  as,  among 
Monocotyledons,  Sagittaria,  Potamogeton  natans^  Heme- 
rocallis,  Palms,  the  Gramineae,  &c. ;  and  in  Dicotyledons, 
the  Pear,  Rohinia,  &c. 

2d.  Leaves  having  only  a  foliaceous  petiole,  perform- 
ing the  office  of  a  limb,  as  in  the  submerged  Potamo- 
getons,  Hyacinth,  Iris,  &c.,  among  Monocotyledons ; 
the  Acacias  with  phyllodia,  Bupleurum.,  Lathyrus  Nis- 
solia,  &c.,  among  Dicotyledons. 

od.  Leaves  having  a  true  limb  devoid  of  petiole,  as 
those  of  Trilkm,  Paris,  Lilium,  &c.,  among  Monoco- 
tyledons ;  and  all  sessile  leaves  among  Dicotyledons. 

Let  us  observe,  on  concluding  this  Section,  that  the 
word  "  leaf"  is  taken,  in  woi'ks  of  descriptive  Botany, 
sometimes  for  an  entire  leaf,  composed  of  petiole  and 
limb,  which  is  the  more  regular  and  usual  case  ;  some- 
times for  a  limb  devoid  of  petiole,  as  is  said  of  sessile 
leaves ;  sometimes  for  a  foliaceous  petiole  without  a 
limb,  as  in  the  family  of  the  Liliaceae,  or  in  the  Mimosas 
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with  phyllodia.  We  shall  shortly  see  that  this  term  of 
leaf  is  likewise  often  confounded  with  those  of  leaflet  or 
segment. 


Section  III. 

Of  the  Disposition  of  the  Nerves  in  the  Limb  of  the  Leaf. 

If  the  distinction  which  I  have  endeavoured  to  esta- 
blish between  the  petiole  and  limb  of  leaves  has  been 
attentively  followed,  it  will  be  seen  that  these  two 
organs  differ  essentially  in  two  respects.  1st.  Petioles, 
whatever  be  their  form  or  nature,  are  composed  of 
parallel  fibres ;  and  if  the  parallelism  is  not  exact,  the 
fibres  are  generally  more  distant  at  the  base,  and  nearer 
together  above.  .2d.  Limbs  present  all  the  fibres  or 
nerves  diverging  more  or  less  at  the  base,  whatever  may 
be  their  ulterior  direction  :  it  is  this  mode  of  divergence 
of  the  fibres  of  the  limb  that  we  liave  now  to  examine. 

I/et  us  commence  first  by  excluding  from  this  exami- 
nation a  certain  number  of  leaves,  the  nerves  of  which 
are  so  weak,  so  indistinct,  or  so  completely  buried  in  the 
cellular  tissue,  that  their  direction  cannot  be  known  with 
certainty :  these  are  the  leaves  of  fleshy  or  succulent 
plants,  as  those  of  the  Ficoids,  or  the  bases  of  petioles 
reduced  to  the  state  of  membranous  scales,  as  the  scales 
which  represent  the  leaves  of  Asparagus  and  Ruscus. 
The  principles  which  I  am  about  to  set  forth  may  doubt- 
lessly be  applied  to  them,  but  witli  such  modifications 
and  difficulties  as  would  he  injurious  to  the  understand- 
ing of  the  general  laws. 

The  fibres  which  were  united  together  in  the  petiole, 
and  proceeded  there  nearly  parallel  to  each  othex-,  diverge, 
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to  form  the  limb,  after  two  different  principles:  1st. 
Some  separate  by  forming,  either  with  the  base  or  with 
its  prolongation,  an  angle,  properly  so  called,  and  most 
frequently  a  right  angle  ;  we  may  call  these  An  gu  li- 
ner ved  leaves  ;  2d.  The  others  separate  by  forming  at 
the  base,  or  its  prolongation,  a  curve  more  or  less 
extended:  these  may  be  named,  by  comparison,  Cur- 
viNERVED  leaves.  The  former  are  essentially  the  leaves 
of  Dicotyledons  ;  the  latter,  the  true  limbs  of  those  of 
Monocotyledons. 

Among  angulinerved  leaves,  1  have  for  a  long  time 
distinguished  four  dispositions  of  the  nerves ;  viz. — 

1st.  Penninerved  leaves  (Pi.  10,  fig.  3),  or  those  in 
which  the  petiole  is  prolonged  into  a  longitudinal  nerve, 
which  emits,  from  both  sides,  upon  the  same  plane,  late- 
ral nerves ;  for  example,  the  Chestnut.     These  lateral 
nerves    are   sometimes    thick,   at  others  very  slender  ; 
sometimes  far  apart,  at  others  near  one  another ;  some- 
times simple,  at  others  more  or  less  ramified ;  sometimes 
perfectly  straight,  at  others  curved  at  their  extremity, 
gradually  following  the  border  of  the  leaf,  &c.     They 
form  at  their  origin,  with   the  longitudinal  nerve,   an 
angle,  usually   acute,  but   the  degree  of  which  varies 
much.     In  certain  leaves  the  angle  is  very  acute,  and 
the  leaf  is  generally  elongated.     At  other  times  they 
separate  at  a  much  less  acute,  or  even  at  a  right  angle, 
and  then  the  leaf  is  proportionally  larger.     Another 
difference    influences   much    the    form  of  penninerved 
leaves,  viz. — the  relative  proportion  of  the  lateral  nerves. 
If  the  leaf  has  all  of  them  short,  but  of  the  same  lensrth, 
its  form  is  Linear  ;  if  those  of  the  middle  are  lonsrer 
than  those  of  the  base  and  apex,  the  form  is  generally 
Elliptic,  Oval,  or  Orbicular  ;   if  the  longest  are 
found  below  the  middle,  the  limb  is  Ovate  ;  if  they  are 
above  it,  it  is  Obovate. 
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One  of  the  remarkable  cases  among  penninerved 
leaves  is,  that  where  the  two  lower  nerves,  although 
evidently  springing  from  the  middle  one,  are  larger 
than  all  the  following,  and  almost  attain  the  size  of  those 
of  the  middle,  these  leaves  are  called  Triplinerved  ; 
for  example,  Helianthus  tuherosus.  Sometimes  the  two 
lower  nerves  of  each  side  are  large,  and  near  each  other, 
and  then  the  leaf  is  Quintuplinerved  (for  example, 
in  several  species  of  Melastoma),  because  it  has  five 
nerves  near  the  base,  viz, — two  on  each  side,  springing 
from  the  middle  one. 

This  structure  leads  us  by  almost  imperceptible  de- 
grees, to  the  second  of  the  great  classes  of  leaves. 

2d.  Leaves  are  said  to  be  Palminerved  {i.  e.  having 
the  nerves  disposed  like  the  fingers,  separate  from  each 
other),  when  several  diverging  nerves  spring  at  the  same 
time  from  the  base  of  the  limb  :  they  are  most  frequently 
of  an  uneven  number,  the  middle  one  being  prolonged 
direct  from  the  petiole.  Sometimes  as  many  as  seven 
or  nine  nerves  are  counted;  for  example,  in  several 
Malvaceas — Malva  Hennigii,  M,  Braziliensis^  Sec,  Al- 
thcea,  &c.  &c.  Most  frequently  only  five  are  found,  as 
in  the  Vine ;  or  three,  as  in  the  Zizyphus,  and  a  number 
of  other  plants ;  but  it  is  often  difficult  to  distinguish 
accurately  between  quinquinerved  and  trinerved  palmate 
leaves,  and  quintuplinerved  or  triplinerved  ones.  The 
only  difference  consists,  in  fact,  in  this — that  in  the 
latter  the  fibres  remain  a  little  longer  connected  with 
the  central  bundle,  or  the  parenchyma  is  prolonged  a 
little  along  the  summit  of  the  petioles.  Equal  numbers 
of  nerves  are  much  rarer  than  in  the  preceding,  and 
probably  are  only  owing  to  combinations  of  leaves, 
originally  impari-pinnate.  We  can,  at  least  as  to  the 
appearance,  reckon  among  palminerved  leaves  with 
equal  numbers  of  nerves,  those  of  Bauhinia,  where  there 
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are  two  ;  those  of  Oxalis  tetraphylla,  where  there  are 
four,  &c.  But  we  will  revert  to  this  subject  after  we 
have  examined  compound  leaves. 

If  the  position  of  a  pahnate  leaf  which  corresponds  to 
each  partial  nerve  be  examined,  we  shall  see  that  this 
nerve  emits  lateral  ones,  in  the  manner  of  penninerved 
leaves,  and  all  that  we  have  said  above  is  appKcable  to 
them ;  whence  it  resiilts  that  a  palminerved  leaf  may  be 
considered  as  formed  of  as  many  penninerved  leaflets, 
united  at  the  base,  as  there  are  principal  nerves ;  and  it  is 
particularly  favourable  to  this  opinion,  that  the  families 
which  have  palminerved  leaves  present  also  compound 
ones,  formed  in  an  analogous  manner ;  such  as  the  Am- 
pelideae,  Malvaceae,  &c.  This  opinion  will  be  still  better 
understood,  when,  on  studying  compound  leaves,  it  is 
remarked  that  all  leaflets,  even  those  of  palmate  leaves, 
are  penninerved. 

The  general  form  of  palminerved  leaves  is  essentially 
determined  by  the  degree  of  divergence  of  the  principal 
nerves,  by  their  relative  length,  and  by  their  number. 
When  they  are  not  numerous  and  but  slightly  diverging, 
the  leaf  may  have  a  narrow  and  long  form  :  it  will,  on 
the  contrary,  be  wider  or  rovmder  as  the  nerves  are 
more  numerous  and  more  diverging.  The  extreme  case 
of  this  last  combination  is  that  which  constitutes  the 
third  class  of  leaves — that  of  peltinerved  ones. 

3d.  Leaves  are  said  to  be  Peltinerved,  and  the 
nerves  Peltate,  when  from  the  summit  of  the  petiole 
there  spring  several  nerves  which  radiate  upon  the  same 
plane,  which  is  not  in  the  direction  of  the  petiole,  but 
forms  with  it  an  angle,  often  a  right  one,  or  nearly  so, 
and  the  two  external  nerves  are  so  near  that  the  lateral 
limb  of  each  is  joined  to  the  other.  It  results  from 
this  disposition,  that  in  this  kind  of  leaf  the  limb  does 
not  seem  to  be  the  prolongation  of  the  petiole,  but  has 
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the  appearance  of  a  disc  placed  upon  the  summit  of  it ; 
it  is  this  appearance,  which,  compared  to  a  shield,  has 
caused  these  leaves  to  be  called  peltinerved :  such  are 
those  of  the  Ricinus  communis,  Trop(Eolum  majus,  &c. 
When  all  the  nerves  which  radiate  from  the  top  of  the 
petiole  are  equal  in  length,  the  leaf  has  nearly  an  orbi- 
cular form,  and  the  angle  of  the  limb  with  the  petiole  is 
almost  a  right  one  ;  when  the  angle  is  acute,  the  nerve, 
which,  by  its  direction,  is  the  prolongation  of  the  petiole, 
lengthens  more  than  the  others,  which,  on  both  sides, 
diminish  in  length :  the  general  form  then  is  ovate,  or 
even  sometimes  elongated.  There  are  cases  where  the 
narrow  part  of  the  limb  is  so  much  contracted  that  pel- 
tate leaves  are  confounded  with  palmate  ones ;  and 
species  are  found  among  the  Menispermeae,  for  example, 
the  leaves  of  which  assum.e  almost  indifferently  these 
two  forms.  Thus  all  that  I  have  said  of  palmate  leaves 
may  be  applied  to  those  which  are  only  a  modification. 

4th.  Pedalinerved  leaves  differ  much  from  all  the 
preceding,  in  that  the  longitudinal  nerve  remains  very 
short,  sometimes  nearly  absent ;  but  from  both  sides  of 
it  arise  two  strong  lateral  ones,  which  diverge  upon  the 
same  plane,  and,  instead  of  ramifying  equally  on  the 
two  sides,  present  few  or  no  lateral  nerves  on  the  outer 
side,  whilst  on  the  inner  they  give  rise  to  very  strong 
secondary  ones,  nearly  parallel  to  each  other.  This 
singular  disposition  only  exists  in  a  small  number  of 
plants ;  and  notwithstanding  this  circumstance,  it  is 
remarkable  that  these  are  the  leaves  where  the  distinc- 
tion between  angulinerved  and  curvinerved  ones,  or 
those  of  Dicotyledons  and  Monocotyledons  is  least  de- 
cided. Among  the  first,  pedalinerved  leaves  are  found 
in  the  Gincko,  Hellehorus  fcetidus,  and  some  species  of 
Passiflora  ;  among  the  second,  several  are  found  in  the 
Aroideae  ;  these  have,  it  is  true,  a  very  decided  tendency 
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to  have  curved  nerves,  peculiar  to  the  class  of  Monoco- 
tyledons, and  they  serve  also  to  confirm  this  fundamental 
distinction. 

We  come  thus  to  the  second  of  the  great  divisions, — 
that  of  leaves  with  nerves  curved  at  their  base,  or 
CuRViNERVED  ones.  Among  these  we  ought  to  dis- 
tinguish two  classes,  viz.  those  with  Converging 
nerves,  and  those  with  Diverging  ones. 

In  the  first  the  nerves  are  sometimes  curved  through- 
out their  whole  length,  which  causes  the  limb  to  be 
oval  or  round,  as  in  Hemerocallis,  &c.  ;  sometimes 
slightly  curved  at  their  base,  and  straight,  parallel,  or 
slightly  convei'ging  at  their  apex,  as  is  seen  in  the 
Graminece.  In  all  those  plants,  which  represent  among 
phanerogamous  Monocotyledons  nearly  what  are  the 
palminerved  leaves  among  Dicotyledons,  the  nerves 
spring  from  the  top  of  the  petiole  in  great  numbers,  and 
are  the  closer  to  each  other  the  nearer  they  are  to  the 
middle.  Most  frequently  they  are  so  close  towards 
the  centre  that  they  perform  the  part  of  a  longitudinal 
nerve.  When  the  nerves  which  spring  from  the  base 
are  very  near  together,  they  are  generally  very  small, 
and  perfectly  simple ;  when  they  are  more  distant  they 
are  also  thicker,  and  tend  a  little  to  ramify  laterally,  as 
is  seen  in  Dioscorea,  Sinilax,  &c. 

Diverging  curvinerved  leaves  present  precisely  the 
opposite  organization.  The  nerves  united  in  the  petiole 
form  a  very  thick  bundle,  and  the  formation  of  the  limb 
takes  place  by  the  lateral  fibres  of  the  petiole  diverging, 
at  a  certain  point,  on  both  sides,  under  the  form  of 
little  pinnate  veins,  which  by  their  junction  form  an 
oval  limb,  with  small,  parallel,  and  simple  nerves. 
In  proportion  as  this  separation  of  the  lateral  fibres 
takes  place  to  form  the  limb,  in  proportion  likewise  the 
central  bundle  diminishes  in  thickness,  until  it  finally 
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disappears  on  reaching  the  apex :  we  -see  this  in  Musa 
Paradisiaca,  Strelitzia,  and  several  others. 

The  beautiful  family  of  Palms  presents  the  two  dis- 
positions peculiar  to  curvinerved  leaves.  Those,  with 
leaves  cut  out  so  as  to  imitate  pahnate  ones,  belong 
to  the  division  of  converging  curvinerved,  and  those  the 
lobes  of  which  resemble  those  of  pinnate  leaves  are  of 
the  division  of  leaves  with  diverging  nerves. 

The  distribution  of  the  stomata  in  leaves  is  connected 
with  that  of  the  nerves.  Among  angulinerved  leaves, 
the  nerves  of  which  ramify  much,  forming  more  or  less 
irregular  spaces,  the  stomata  are  scattered  over  the 
limb ;  on  the  contrary,  in  curvinerved  ones,  which  have 
for  the  most  part  the  lateral  nerves  simple,  or  but  little 
ramified,  the  stomata  are  arranged  in  longitudinal  rows 
between  each  little  nerve. 

The  general  form  of  the  limb,  which  is  so  frequently 
mentioned  in  botanical  works,  results  from  the  dispo- 
sition of  the  nerves,  and  its  anatomical  importance  is 
consequently  much  less  than  that  of  the  cause  which 
produces  it.  There  may  be,  and  there  are  in  fact, 
ovate  leaves  formed  by  all  the  systems  of  nervation 
which  I  have  mentioned  ;  consequently  it  is  not  suf- 
ficient in  describing  a  leaf  to  mention  its  form,  but  its 
system  of  nervation  must  especially  and  most  expressly 
be  described. 

From  this  Section  it  may  be  seen  that,  although  there 
still  remain  some  exceptions  (especially  among  pedali- 
nerved  leaves),  we  can,  however,  easily  distinguish  the 
structure  of  the  limb  of  the  leaf  in  the  two  great  classes 
of  Phanerogamia :  Dicotyledons  are  known  by  their 
nerves  on  separating  forming  angles,  whilst  in  Monoco- 
tyledons they  form  curves ;  the  former  are  classed  into 
penninerved,  palminerved,  and  pedalinerved  leaves,  but 
their  lateral  nerves  are  always  ramified  after  the  system 
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of  pinnate  nerves ;  the  latter  are  divided  into  leaves 
with  curved  nerves,  diverging  or  converging  ;  lastly, 
pedalinerved  leaves  are  found,  the  principal  nerves  of 
which  form  angles  and  other  curves,  and  notwithstand- 
ing the  resemblance  they  bear  to  each  other,  the  former 
belong  to  Dicotyledons,  the  latter  to  Monocotyledons. 

Let  us  now  examine  how  we  may  deduce  from  these 
primitive  dispositions  the  theory  of  the  leaves. 


Section  IV. 

Of  Lobed  Leaves. 

It  is  particularly  in  all  that  relates  to  the  divisions  of 
leaves,  that  the  method  of  considering  the  limb  as  an 
entire  surface,  which,  in  certain  cases,  wovild  present 
divisions,  has  been  pushed  to  the  greatest  degree  ;  but 
when  these  pretended  causes  came  to  be  examined,  it 
was  impossible  to  elucidate  them.  It  is,  in  fact,  setting 
out  with  a  wrong  idea  :  leaves  are  not  entire  surfaces 
which  are  cut;  they  are  portions  of  limbs,  which  in 
uniting,  or  remaining  united  in  different  degrees,  consti- 
tute sometimes  projecting  or  retreating  angles,  some- 
times entire  surfaces.  All  the  terms  intended  to 
indicate  the  different  degrees  of  division  of  leaves  have 
been  believed,  and  universally  admitted,  under  the  sway 
of  the  first  hypothesis ;  I  am  about  to  give  the  details  of 
the  second,  and,  not  to  innovate  too  much,  I  will  adopt 
the  old  terms.  If  some  do  not  appear  either  sufficiently 
applicable  or  exact,  it  is  in  order  to  spare  a  superabun- 
dant multiplication  of  words  that  I  employ  them,  and  I 
must  not  be  rendered  responsible  if  this  collection  of 
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termSj    believed   in    another    sense,    does    not   answer 
exactly  to  that  which  I  propose. 

In  order  to  give  a  true  idea  of  the  lobes  of  leaves,  it 
is  sufficient  to  set  out  with  the  same  idea  of  the  foli- 
aceous  structure :  a  long  or  short  petiole  is  formed  of 
a  bundle  of  fibres ;  these,  diverging  after  two  different 
systems,  separate  from  one  another  and  form  the  nerves, 
each  of  which  ramifies  after  a  given  system ;  and  thus  it 
proceeds  until  all  the  fibres  of  the  bundle  and  all  the 
vessels  of  the  fibres  are  isolated.  Each  fibre  being  formed 
of  vessels  and  cellular  tissue  intermixed,  the  latter  is 
developed  when  the  separation  of  the  vessels  leaves 
room  for  it,  and  then  it  tends  to  fill  up  the  intervals  ; 
these  being  in  this  manner  filled  with  cellular  tissue, 
the  whole  appears  entire :  but  it  may  happen  that  the 
vessels  diverge  too  much  in  proportion  to  the  increase 
of  the  cellular  tissue,  so  that  it  cannot  occupy  all  the 
interval  which  separates  them,  and  then  it  fills  up  only  a 
part  of  the  angle  which  they  form  between  them  ;  and 
from  the  cellular  tissue  not  filling  up  the  entire  interval, 
it  results  that  there  is  a  retreating  angle,  which  is  called 
a  Sinus. 

When  this  phenomenon  takes  place  in  the  last  ramifi- 
cations only  of  the  nerves,  small  projecting  angles  are 
formed,  which  are  called  Teeth,  or  indentations,  and 
little  sinuses,  which  have  not  received  any  particular 
name.  If  the  teeth  are  sharp,  the  margin  is  said  to  be 
SERRATED.     If  they  are  very  obtuse,  it  is  crenated. 

All  that  I  have  said  of  the  vessels  or  fibrils  of  a  fibre 
may  take  place  from  analogous  causes  between  the 
lateral  nerves  of  a  pinnated  leaf.  Let  us  suppose  that 
these  nerves  are  very  near  each  other  ;  the  parenchyma 
formed  by  their  ramifications  may  be  developed  so  as  to 
reach  that  which  proceeds  from  a  neighbouring  nerve, 
and  in  this  case  it  unites    with  it  before   the    period 
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of  development  which  is  visible  to  our  eyes  ;  it  is  thus 
that  in  penninerved  leaves  the  limb  is  entire,  if  the 
lateral  parenchyma  of  all  the  lateral  nerves  remains 
united  as  far  as  the  top  of  these  nerves ;  but  if  the 
nerves  are  too  distant  from  each  other  in  proportion 
to  the  possible  development  of  the  parenchyma,  then 
the  portions  formed  by  the  development  of  the  secon- 
dary nerves,  or  the  Lobes,  as  they  are  called,  in  a 
general  manner,  remain  united,  —  for  example,  about 
half  way ;  the  projecting  parts  take  the  name  of 
Divisions,  and  the  sinuses  that  of  Fissures  ;  and  to 
express  at  the  same  time  that  the  leaf  has  pinnate 
nerves,  and  that  its  lateral  lobes  are  united  about  half 
way,  it  is  said  to  be  Pinnatifid. 

Let  us  suppose  either  a  greater  separation  of  the 
secondary  nerves,  or  a  parenchyma  less  disposed  to  be 
developed,  the  lobes  may  be  only  united  at  their  base  ; 
they  are  then  called  Partitions,  and  the  leaf  is  said  to 
be  Pinnatipartite  ;  lastly,  the  nerves  may  be  still 
more  separated,  or  the  parenchyma  still  less  developed, 
the  lobes  will  be  totally  independent  and  not  united 
together ;  then  they  take  the  name  of  Segments,  and 
the  leaf  is  said  to  be  Pinnatisected.  It  sometimes 
happens  that,  at  the  base  of  the  petiole,  the  lobes  are 
completely  isolated,  and  more  or  less  united  above; 
this  inequality  is  expressed  by  saying  that  the  leaf  is 
Lyrate  :  if  one  wishes  to  say  that  a  penninerved  leaf 
has  its  lateral  nerves  separate,  except  at  the  apex, 
'.vithout  expressing  where  the  junction  is,  the  leaf  is 
said  to  be  Pinnatilobed. 

We  easily  understand  that  all  that  I  have  said  of 
the  secondary  nerves  may  be  said  of  the  tertiary,  or,  in 
other  terms,  each  of  the  projecting  lobes  may  be  pin- 
natifid, pinnatipartite,  or  pinnatisected :  this  is  ex- 
pressed   by    saying    Bipinnatifid,    &c.  ;    the   lobules 
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themselves  may  present  the  same  division,  and  the  leaf 
is  then  said  to  be  Tripinnatifid,  &c.;  but  beyond  a 
double  division  it  is  rarely  that  the  trouble  is  taken  to 
examine  the  regular  system,  and  under  the  names  of 
MuLTiFiD,  Laciniated,  Decompound,  or  Dissected, 
are  confounded  all  leaves  with  numerous  and  indefinitely 
divided  lobes. 

The  same  theory  may  be  applied  to  all  palminerved 
or  peltinerved  leaves,  with  this  single  difference,  that 
one  applies  to  the  principal  nerves  of  these  leaves  all 
that  is  said  of  the  secondary  nerves  of  penninerved  ones. 
Thus,  in  these  palmi-  or  peltinerved  leaves,  the  lobes 
are  the  expansions  of  each  of  the  nerves  which  arise 
from  the  top  of  the  petiole,  and  the  leaf  is  said  to 
be  Palmatifid  or  Peltifid,  when  the  lobes  are  united 
halfway;  Palmatipartite  or  Peltipartite,  when 
they  are  only  so  near  the  base ;  Palmatisected  or 
Pedatisected,  when  they  are  not  at  all. 

As  for  pedalinerved  leaves,  the  secondary  nerves  are 
those  which,  as  in  penninerved  ones,  give  origin  to  lobes 
more  or  less  united  together. 

Thus,  in  all  the  classes  of  leaves  with  ramifying  or 
angular  nerves,  it  is  the  unequal  uniting  together  of  the 
lobes  which  causes  the  divisions;  and  the  union  of  the  ex- 
tremities of  the  fibrils,  which,  by  its  inequality,  produces 
the  teeth ;  and  it  is  so  true  that  these  facts  ought  to  be 
referred  to  the  more  or  less  considerable  development  of 
the  parenchyma,  that  in  several  kinds  of  plants  the 
divisions  are  seen  to  vary  in  depth  according  to  the  varied 
action  of  the  causes  which  make  the  fibres  elongate  or  the 
parenchyma  to  be  developed ;  thus,  a  nourishment  very 
watery,and  but  little  endowed  with  nutritive  matter, causes 
the  fibres  to  elongate,  without  the  parenchyma  being  suf- 
ficiently developed,  as  we  see  in  several  aquatic  plants, 
and  especially  in  Ranunculus  aquatiUs.    A  small  quantity 
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of  nourishment  renders  the  leaves  more  divided,  and  a 
very  substantial  aliment  gives  the  parenchyma  sufficient 
development  to  fill  up  the  intervals  of  the  lobes  ;  thus, 
most  plants  with  divided  leaves  tend  to  have  them  more 
entire  in  rich  soil  or  in  gardens. 

Among  leaves  with  simple  or  curved  nerves,  divisions 
are  much  more  rare ;  and  if  the  Aroideae  be  excepted, 
the  leaves  of  which  approach  the  preceding  class,  it  may 
be  said  that  they  all  have  the  limb  entire. 

The  Palms  seem  to  form,  in  this  respect,  a  great 
exception,  but  the  nature  of  their  leaves  presents  a  cha- 
racter which  is  peculiar  to  them :  they  often  appear 
divided  either  in  the  manner  of  pinnatisected  leaves,  or 
resembling  palmatisected  ones ;  but  they  are  really  torn 
into  strips,  which  follow  the  direction  of  the  lateral  fibres. 
This  tearing,  natural  and  regular,  is  very  evident  in  fol- 
lowing the  Palms  from  their  young  state ;  for  then  their 
leaves  are  entire,  and  the  tearing  is  gradually  seen  to 
take  place,  commencing  from  above,  and  extending  to 
the  principal  bundle  of  fibres. 

If  the  natural  tearing  of  the  leaves  of  Palms  appears 
to  me  to  be  a  fact  beyond  a  doubt,  the  cause  of  this 
phenomenon,  or  the  mechanism  which  produces  this 
rupture,  is  very  difficult  to  be  assigned.  We  see  that  the 
lateral  fibres  converge  in  their  young  state  towards  the 
apex  of  the  leaf;  and  as  they  diverge  a  little  towards  the 
base,  it  is  likely  that,  according  to  the  degree  of  diver- 
gence and  the  rapidity  of  growth,  there  arrives  a  period, 
in  each  leaf,  when  the  fibres,  developing  by  the  base, 
force  their  upper  parts  to  separate,  so  as  to  form  the 
strips  of  which  I  have  spoken :  these  strips  are  distri- 
buted to  the  top  of  the  petiole,  when  the  lateral  nerves 
spring  from  it ;  and  on  both  sides  of  a  common  bundle, 
when  it  exists  throughout  their  whole  length.  The 
depth  of  the  strips  varies  like  those  of  ordinary  lobes. 

s  2 
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In  order  to  indicate  these  forms  in  a  manner  analogous 
to  the  admitted  terms,  and  at  the  same  time  to  show 
that  there  exists  a  difference,  I  think  that  it  will  be  right 
to  reserve  for  the  leaves  of  Palms  the  terms  Pinnati- 
FORM  and  Palmatiform,  and  for  their  pretended  lobes 
the  name  of  Strips,  which  exactly  expresses  their 
nature ;  thus  the  leaves  of  Palms  alone,  in  the  vege- 
table kingdom,  answer  to  the  idea  which  was  formed, 
before  examination,  of  the  divisions  of  leaves  :  these  are 
really  entire  leaves  which  are  divided,  whilst  all  the 
others  are  portions,  unequally  joined  together.  This 
tearing  takes  place  after  expansion,  as  in  young  Palms, 
or   before  it,    as   is   most   frequently   the   case  in  old 


ones. 


All  that  we  have  hitherto  explained  relative  to  the 
lobes  of  leaves,  is  applicable  to  the  lateral  ones  of  those 
with  pinnate  or  penniform  nerves,  and  to  the  terminal 
ones  of  those  with  palmate,  palmiform,  peltate  or  pedate 
nerves  ;  but  it  now  remains  for  us  to  speak  of  the  emar- 
ginations  which  are  so  frequently  observed,  either  at  the 
base  or  apex  of  foliaceous  surfaces. 

The  emarginations  of  the  base  can  by  no  means  be 
referred  to  the  preceding  theory,  and  result  from  simple 
causes.  In  penninerved  leaves  it  often  happens  that  the 
lower  lateral  nerves  are  larger  and  more  developed  than 
the  others;  and  their  secondary  ones  are  developed  more 
on  the  external  side,  where  they  find  no  obstacle,  than  on 
the  inner  one,  where  they  meet  with  those  which  spring 
from  the  neighbouring  nerve.  It  results  from  the  deve- 
lopment of  these  secondary  nerves  that  the  limb  is  pro- 
longed beyond  its  origin  ;  or  in  other  terms,  that  the  base 
of  this  limb  has  an  emarginated  appearance.  When  the 
auricles  thus  produced  are  round,  the  limb  is  said  to  be 
Cordate  ;  when  they  are  pointed  and  directed  parallel 
with  the  centre  nerve,  it  is  Sagittate  ;  when  they  are 
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diverging,  and  almost  perpendicular  upon  the  inner  side, 
it  is  Hastate. 

Leaves  with  curved  and  simple  nerves  cannot  be 
emarginated  at  the  base  ;  they  are  so  but  seldom,  and 
then  very  slightly.  When  this  form  is  presented,  it 
is  owing  to  the  peculiar  curve  of  the  nerves  which  form 
the  limb,  as  is  seen  in  some  species  oi  Hemerocallis  and 
Musa. 

The  emarginations  of  the  apex  of  leaves,  leaflets,  or 
lobes  with  pinnate  nerves,  result  from  two  causes  :  —  1st, 
From  the  lateral  nerves  of  the  apex  being  directed  for- 
wards, and  prolonged  a  little  more  than  the  middle  one  : 
this  takes  place  in  most  leaves  emai'ginated  at  the  apex, 
2d,  From  the  lobes  or  leaflets  which  arise  from  the 
extremity  of  the  two  sides  of  a  middle  nerve  being  incom- 
pletely united,  and  leaving  between  them  a  sharp  and 
often  very  distinct  sinus  ;  it  is  thus  that  the  pretended 
simple  leaves  of  Bauhinia  are  emarginated,  because  the 
junction  of  the  leaflets  does  not  take  place  as  far  as  the 
apex.     (PI.  11,  flg.  1.) 

Lastly,  in  some  palminerved  leaves,  emarginated  limbs 
are  found  ;  this  takes  place  when  the  middle  nerve  is 
very  short  and  the  two  lateral  ones  very  long,  as  is 
seen,  for  example,  in  several  species  of  Passijlora.  (PI. 
11,  fig.  2.) 

One  of  the  most  curious  phenomena  which  the  organi- 
zation of  leaves  presents,  is  the  presence  of  holes  or 
gaps,  which  are  naturally  formed  in  the  limb  of  Dracon- 
tiuvi  pertusum.  These  holes,  although  sufficiently  fre- 
quent to  have  given  the  plant  its  specific  name,  are  not 
liowever  regular :  when  the  plant  is  nourished  very 
abundantly,  it  has  few  or  none,  and  they  are  seen  to 
increase  in  number  in  those  grown  in  a  poor  soil ;  these 
holes  are  of  an  oblong  form,  and  placed  between  the 
principal  nerves.    All  those  who  understand  the  manner 
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in  which  the  lobes  of  simple  leaves,  or  -the  partial  limbs 
of  compound  ones^  are  united  so  as  to  form  entire  limbs, 
will  readily  admit,  I  think,  that  these  holes  are  owing  to 
portions  of  limbs  being  incompletely  united  by  some 
defect  of  development  of  cellular  tissue.  They  must 
not  be  confounded  with  the  round  holes  which  are  ob- 
served in  several  kinds  of  Ulva,  which  result  from  the 
destruction  of  tissue  after  fructification,  and  to  which  we 
shall  hereafter  revert. 

Pothos  crassinervia  also  presents  a  phenomenon  which 
cannot  be  referred  to  any  class  of  known  facts  :  when 
the  plant  is  old,  the  leaves  have  kinds  of  straight  callous 
lines,  parallel  to  the  thick  sides,  and  cutting  all  the  veins 
transversely ;  they  open  below  into  a  kind  of  slit,  closed 
on  the  upper  side,  and  bordered  by  two  little  limbs. 

The  undulations  of  foliaceous  surfaces  are  produced 
by  a  contrary  cause  to  that  which,  in  the  ordinary  state, 
produces  the  lobes ;  that  is  to  say,  because  the  cellular 
tissue  is  developed  between  the  fibres  in  greater  quantity 
than  can  be  contained  in  the  plane  which  separates 
them  :  then  it  forms  more  parenchyma  than  the  space 
can  hold,  and  the  surface  becomes  undulated ;  we  see 
this,  for  example,  in  a  variety  of  Scolopendrium  offici- 
nale, &c.  This  effect  frequently  results  from  a  super- 
abundance of  nutriment. 


Section  V. 

Of  Compound  Leaves. 

We  have  hitherto  spoken  of  leaves  as  if  all  their  parts 
were  always  continuous  ;  but  some  are  often  met  with, 
which,  in  certain  portions  of  their  extent,  present  arti- 
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culations,  so  that  each  of  these  portions  can  be  detached, 
at  least  when  mature.  The  name  of  Simple  is  given  to 
all  those  the  parts  of  which  are  continuous,  whether  they 
are  entire,  or  divided  in  the  highest  degree  ;  and  in  con- 
tradistinction, all  those  are  called  Compound,  which 
present  joints  which  can  be  separated  at  some  period  of 
their  existence. 

The  distinction  between  compound  leaves  and  those 
with  separate  segments,  is  often  difficult  in  practice, 
especially  when  they  are  young.  The  names  of  simple 
and  compound,  although  convenient  in  practice,  are  not 
perhaps  correct  in  reality  ;  for  one  might  say,  with  as 
much  reason,  that  the  leaves  called  simple  are  formed 
by  the  constant  uniting  together  of  leaflets  into  a  single 
limb.  The  example  of  the  leaves  of  Gleditsia,  and 
others,  which  often  have  the  leaflets  united,  might 
authorize  this  manner  of  considering  it. 

In  leaves  said  to  be  compound,  the  general  petiole 
wliich  bears  all  the  joints  receives  the  name  of  the  Com- 
mon Petiole,  and  each  joint  that  of  Leaflet,  when  it 
has  the  nature  of  a  foliaceous  limb.  When  the  leaflets 
are  themselves  provided  with  a  proper  petiole,  this 
receives  the  name  of  Petiolule  ;  and  if  upon  the  com- 
mon petiole  others  are  found  which  are  furnished  with 
an  articulation  at  the  base,  and  bear  leaflets,  the  name 
of  Partial  Petioles  is  given. 

Let  us  observe,  at  the  commencement,  that  compound 
leaves  are  only  found  in  the  angulinerved  class,  or,  what 
is  nearly  the  same  thing,  among  Dicotyledons.  All  the 
leaves  of  the  other  classes  are  simple,  even  when  they 
resemble  in  their  divisions  compound  ones, — as,  for 
example,  in  the  Ferns. 

In  order  to  give  a  just  idea  of  Compound  Leaves,  we 
must  return  to  what  has  been  said  above  of  the  distri- 
bution of  the  nerves,   and  the  formation  of  the  lobes. 
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Let  us  take,  in  particular,  the  structure  of  leaves  said 
to  be  pinnatisected,  palmatisected,  or  peltisected ;  in 
these  the  segments  have  their  limb  distinct ;  but  they 
are  attached  to  the  central  nerve,  or  to  the  top  of  the 
petiole,  by  a  nerve  which  is  a  division  of  the  petiolary 
bundle,  and  continuous  with  it.  Let  us  suppose  now 
that  instead  of  this  continuity,  the  segment  is  attached 
to  the  petiolary  bundle  by  a  true  articulation,  and  we 
shall  have  transformed,  in  thought,  this  segment  into 
a  leaflet,  and  the  simple  leaf  into  a  compound  one. 
This  difference,  although  constant  in  the  same  species 
and  in  certain  families,  is  so  slight  that  it  is  often  diffl- 
cult  to  affirm  if  such  partial  limb  be  attached  to  its  base 
by  continuity  or  articulation  ;  or,  in  other  terms,  whether 
it  be  a  segment  or  leaflet,  and  whether  the  whole  be  a 
simple  or  compound  leaf:  this  difficulty  is  especially 
experienced  when  the  leaves  are  young ;  but  when  they 
approach  the  period  of  their  fall  the  articulations  are 
easily  recognised,  as  they  then  have  a  tendenc}'  to  disar- 
ticulate. We  are  also  guided  by  analogy  in  this  respect, 
as  to  foreign  plants,  of  which  we  may  only  be  able  to  see 
dried  specimens  ;  for  there  are  some  families  where  com- 
pound leaves  are  frequently  found,  and  others  where 
they  never  are. 

Compound  leaves,  classed  according  to  the  distribution 
of  the  nerves,  present  corresponding  divisions  to  simple 
ones :  thus,  they  are  said  to  be  Pinnate  or  Winged 
when  the  leaflets  are  distributed  on  both  sides  of  a  com- 
mon petiole,  like  the  nerves  of  penninerved  leaves — for 
example,  in  Rohinia,  Astragalus,  8cc. ; — Palmate,  when 
their  leaflets  diverge  from  the  top  of  a  common  petiole, 
and  in  the  same  direction  witli  it,  like  the  nerves  of 
palminerved  leaves — for  example,  in  the  Lupine,  Horse- 
chestnut,  &c. ; — Peltate,  when  their  leaflets  radiate 
from  the  top  of  a  common   petiole,  but  on  a  different 
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plane,  as  the  nerves  of  peltinerved  leaves — for  example, 
in  Sterculia  foetida ; — Pedate,  when  their  leaflets  arise 
from  the  inner  border  of  two  principal  nerves  which 
diverge  from  the  top  of  a  common  petiole  ;  but  it  is 
doubtful  if  true  pedate  leaves  exist,  and  the  small  num- 
ber to  which  this  name  has  been  given,  appear  to  be 
simple  pedatisected  ones. 

Wlien  the  partial  leaflets  are  distributed  either  along 
a  common  petiole,  or  at  its  extremity,  after  one  of  the 
systems  w^hich  I  have  pointed  out,  and  when  they  them- 
selves bear  leaflets "  distributed  according  to  the  same 
system,  this  disposition  is  easily  and  clearly  expressed 
by  saying  that  the  leaf  is  Bipinnate  (PI.  7,  fig.  2,  3), 
or  Bipalmate  (PL  1 1,  fig.  3) ;  and  we  should  say,  in  the 
same  manner,  that  it  is  Bipeltate  or  Bipedate,  if 
either  of  them  happen  to  be  found,  which  is  not  yet  the 
case.  We  say,  after  the  same  principle,  that  the  leaf  is 
Tripalmate,  &c. 

When  it  is  wished  to  express  the  number  of  the 
leaflets,  it  is  stated  by  a  paraphrase,  or  by  the  terms 
Unifoliate,  Bifoliate,  and  Multifoliate.  This  is 
very  important  in  palmate  or  peltate  leaves.  Neverthe- 
less, botanists  often  manifest  a  want  of  precision  in  this 
respect,  and  here  and  there  employ  the  term  of  leaves 
instead  of  leaflets,  or  even  of  segments ;  thus,  AnthyUis 
tetraphylla  ought  to  have  been  called  A.  quadrifoliata  ; 
Marsilea  quadri folia  is,  truly,  M.  quadrisecta ;  Sophora 
bifolia  and  Cassia  diphylla  ought  to  have  been  named 
hifoliolata,  &c. 

As  for  pinnate  leaves,  the  leaflets  are  most  frequently 
opposite  one  another,  and  then  they  are  counted  by 
Pairs  (jugum) ;  thus,  one  says  of  a  pinnate  leaf,  that 
it  has  one  pair  (unijugum),  or  two  pair,  &c.  When  the 
leaflets  are  alternate,  we  can  also,  in  most  cases,  recog- 
nise the  primitive  pairs,  and  continue  to  say  that  they 
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have  one,  two,  three,  &;c.  pairs,  although  this  term  may 
then  be  hardly  correct ;  hut  there  are  species  where  the 
leaflets  are  so  evidently  alternate,  that  we  do  not  venture 
to  employ  this  term,  but  are  contented  then  to  say  that 
they  are  alternate,  and  mention  their  number. 

In  all  these  classes  of  compound  leaves,  the  leaflet 
which  is  placed  at  the  direct  prolongation  of  the  petiole 
bears  the  name  of  the  Terminal  Leaflet,  because  it 
terminates  the  common  petiole ;  or  of  the  Middle,  or 
more  convenientlv  the  Odd  Leaflet,  because  there 
are  an  equal  number  on  each  side  of  it.  It  frequently 
happens  that  this  terminal  leaflet  remains  alone,  all  the 
others  being  wanting:  this  takes  place  in  the  Orange, 
and  several  Leguminosse.  At  first  sight  these  leaves 
seem  to  be  simple,  but  they  are  known  by  their  leaflet, 
or  that  wliich  appears  to  be  the  limb  of  a  simple  leaf, 
being  articulated  with  the  top  of  the  petiole :  we  are 
also  guided  in  this  respect  by  analogy ;  thus,  all  the 
family  of  the  Aurantiacese  have  compound  leaves ;  and 
the  genus  Citrus,  to  which  the  Orange  belongs,  comes 
under  this  rule,  since  the  articulation  can  be  seen  which 
separates  the  terminal  leaflet  from  the  bordered  petiole. 
It  is  also  by  analogy,  and  by  analogy  alone,  that  we  can 
know  whether  an  unifoliolate  leaf  belongs,  in  its  primi- 
tive plan,  to  pinnate  or  palmate  leaves ;  thus,  it  is 
likely  that  the  Orange  is  a  pinnate  leaf  reduced  to  the 
odd  leaflet,  and  that  the  SarcopJujUum  (PI.  10,  fig.  4)  is 
a  palmate  leaf  reduced  to  the  middle  leaflet,  for  all  the 
analogous  species  are  constituted  upon  this  type. 

It  is  very  frequently  remarked  that  in  the  same 
species  the  leaves  at  the  base  of  the  branches  have 
several  pairs  of  leaflets  besides  the  middle  one,  whilst 
in  those  which  are  nearer  the  top  the  number  is  so 
diminished  that  the  upper  leaves  are  sometimes  reduced 
to   the   terminal   leaflet.     There    is    in    like  manner  a 
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certain  number  of  plants  which  seem  to  have  simple 
leaves,  but  which  may  be  considered  as  having  com- 
pound ones  reduced  to  a  single  leaflet ;  this  evidently 
happens  when  the  common  petiole  is  visible,  as  in  the 
Orange,  but  it  does  not  the  less  take  place  when  it  is 
absent  or  very  short.  This  evidently  appears  to  me  to 
be  the  case  in  the  species  of  Genista  and  Cytisus,  said 
to  have  simple  leaves. 

This  shortness  of  the  com-mon  petiole  is  also  remark- 
able in  another  respect:  when  the  leaflets  to  the  number 
of  three,  five,  or  seven,  &c.  arise  from  an  extremely  short 
petiole,  they  then  seem  to  do  so  in  bundles ;  we  see  this 
in  Aspalathus.  In  comparing  together  the  species  of 
this  genus,  we  find  some  which  have  the  leaves  unequally 
pinnate,  and  a  very  distinct  petiole ;  in  others  it  hardly 
exists,  the  number  of  leaflets  remaining  the  same. 

"When  the  leaflets  are  three  in  number,  it  is  often 
difiicult  to  decide  whether  the  leaf  forms  part  of  the 
system  of  pinnate  or  palmate  leaves ;  and  most  authors 
.have  left  the  question  undecided,  and  have  classed  them 
without  examination  among  the  palmate  ones.  The 
only  rule  which  I  know  to  remove  this  doubt  is  this : — 
When  the  three  leaflets  have  their  articulation  situated 
exactly  at  the  top  of  the  petiole,  the  leaf  ought  to  be 
considered  palmate ;  for  example,  Cytisus^  and  most 
species  of  Trifolium.  When  the  common  petiole  is 
prolonged  beyond  the  two  lateral  leaflets,  and  the 
articulation  of  the  terminal  one  is  more  or  less  distant 
from  the  other  two,  as  in  Medicago,  Desmodium,  See. 
the  leaf  ought  then  to  be  considered  as  a  pinnate  one, 
^vith  only  two  pair  of  lateral  leaflets. 

There  is  a  numerous  class  of  pinnate  leaves  which 
have  an  even  number  of  leaflets — that  is  to  say,  in  which 
the  terminal  one  is  wanting ;  they  are  said  to  be  Ab- 
ruptly Pinnate   (pari  sen  abrupte  pinnata);    they 
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may  have,  like  the  preceding,  the  lateral  leaflets  either 
opposite,  as  is  most  frequently  the  case,  or  alternate, 
which  has  sometimes  caused  it  to  be  falsely  thought  that 
the  last  lateral  one  is  an  unequal  one  ;  but  it  is  always 
distinguished  from  the  true  terminal  one  in  its  not  being 
at  the  top  of  the  common  petiole,  which  is  prolonged  a 
little  beyond  it. 

The  petiole  may  be  prolonged  either  into  a  branching 
tendril,  as  in  Vicia,  or  into  a  simple  process,  as  in  Orohus, 
or  in  spines,  as  in  Astragalus,  or  (what  is  more  singular, 
and  has  not,  I  believe,  been  remarked,)  in  a  true  foli- 
aceous  limb ;  this  takes  place  in  the  Walnut,  its  leaf 
is  pinnate,  with  two  or  three  pairs  of  lateral  leaflets 
articulated  with  the  petiole,  and  that  which  has  the 
appearance  of  the  terminal  leaflet  is  a  foliaceous  ex- 
pansion of  the  petiole  into  a  true  penninerved  limb, 
continuous  with  the  petiole,  and  not  articulated.  This 
phenomenon  establishes  a  new  connexion  between 
compound  and  simple  leaves. 

A  peculiar  case  of  this  class  of  leaves  is  where  the 
extremity  of  the  petiole,  which  bears  the  lateral  leaflets, 
is  prolonged  into  a  foliaceous  cup,  hollow  and  funnel- 
shaped  ;  I  have  accidentally  observed  this  in  the  Pea 
and  Gleditsia. 

We  have  said  that  most  abruptly  pinnate  leaves  have 
the  leaflets  opposite  in  pairs.  The  number  of  these 
pairs  is  sometimes  very  great,  sometimes  ^very  small ; 
sometimes  there  is  but  one,  as  in  Acacia  diphylla. 
When  the  petiole  is  prolonged  in  any  form  beyond  the 
origin  of  the  leaflets,  there  is  no  doubt  that  the  leaf 
ought  to  be  classed  among  pinnate  ones ;  but  when  it  is 
not  prolonged  it  may  be  classed  indifferently,  either  as 
a  pinnate  leaf  with  one  pair  of  leaflets,  or  as  a  palmate 
one  with  two  leaflets.  The  analogy  of  families  where 
this    organization  takes    place    makes   me    think  that, 
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even  in  this  case,  leaves  with  two  leaflets  ought  always 
to  be  considered  as  pinnate  ones,  reduced  to  a  single 
pair,  without  a  terminal  one,  or  apetiolary  prolongation ; 
thus  the  genera  Hymencea  and  Bauhinia  deserve  the 
name  which  Linnaeus  has  given  them.* 

It  is  a  rule  which  appears  to  me  without  any  real 
exceptions,  although  there  may  be  apparent  ones,  that 
the  leaflets  of  compound  leaves  have  all  the  nerves 
pinnate.  The  fact  is  so  evident,  for  the  most  part,  that 
it  is  sufficient  to  express  it  for  any  naturalist  not  to 
doubt  that  it  is  at  least  generally  the  case ;  the  apparent 
exceptions  are,  —  that  sometimes  the  two  lateral  and 
lower  nerves  may  be  so  large  and  so  near  the  base  as  to 
resemble  palmate  nerves,  and  that  the  lateral  distinct 
leaflets  may  be  united  with  the  terminal  one,  so  as  to 
form  together  a  leaf  with  several  distinct  nerves ;  this 
phenomenon  merits  some  details. 

Let  us  suppose  a  pinnate  leaf,  the  two  superior 
lateral  leaflets  of  which  arise  so  near  the  terminal  one 
as  to  be  united  with  it,  and  we  shall  have,  as  in  several 
Rosaceae,  and  some  Leguminosee,  a  winged  leaf  termi- 
nated by  a  limb,  with  three  palmate  nerves,  and 
frequently  with  three  lobes.  As  the  same  thing  may 
take  place  in  a  palmate  leaf,  with  three  or  five  leaflets, 
it  is  transformed  into  a  leaf,  the  limb  of  which  will  have 
three  or  five  nerves,  and  probably  three  or  five  lobes. 
If  it  take  place  in  abruptly  pinnate  leaves,  the  junction 
is  a  little  more  difficult,  because  the  distance  between 
the  terminal  leaflets  is  rather  greater ;  but  it  also  takes 
place  sometimes :  thus,  on  comparing  together  the 
different  species  of  Bauhinia,  it  is  difficult  not  to  be 
persuaded  that  their  limb  is  formed  by  the  natural 
junction  of  the  inner  borders  of  the  two  lateral  leaflets ; 

Hymeneea  signifies  that  the  leaflets  are,  as  it  were,  married,  and  Bau- 
hinia makes  allusion  to  the  two  brothers  Bauhin,  celebrated  botanists. 
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and  the  little  process  which  is  observed  in  the  sinus, 
which  results  from  the  incomplete  uniting  together  of 
the  leaflets,  is  probably  the  apex  of  the  common  petiole, 
(PL  11,  %.l.) 

A  very  remarkable  circumstance  of  this  union  of  the 
leaflets  is,  that  every  time  it  takes  place  the  leaflets 
thus  united  and  transformed  into  a  single  limb  have  no 
articulations ;  we  see  this  in  Bauhinia.  This  circum- 
stance tends  also  to  connect  intimately  compound  with 
simple  leaves. 

Thus  a  compound  leaf  may  appear  simple,  either 
because  all  the  lateral  leaflets  are  abortive,  or  because 
the  common  petiole  is  so  short  that  the  leaflets  appear 
to  be  leaves  springing  in  a  bundle  from  the  stem,  or 
because  the  leaflets  are  united  into  one  limb. 

But  are  the  leaves  which  are  called  simple  any  thing 
more  than  compound  ones,  with  united  leaflets  ?  One 
might  be  inclined  to  believe  that  this  manner  of  expres- 
sion approaches  the  truth  nearer  than  the  usual  one ; 
but  we  know  that  it  is  hazardous,  and  luckily  useless, 
to  establish  an  absolute  opinion  in  this  respect,  provided 
that  we  see  that  the  thing  is  possible,  and  that  it  surely 
takes  place  in  several  cases.  This  theory  is  especially 
applicable  to  palminerved  or  peltinerved  leaves,  which 
only  seem  formed  by  the  junction  of  several  palmate  or 
peltate  leaflets ;  but  as  all  these  leaflets  have  the  limb 
penninerved,  this  remarkable  law  results, — that  all  the 
leaves  of  Dicotyledons  may  one  day  be  considered  as 
pinnate  limbs,  differently  joined  together. 
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Section  VL 
Of  the  Cavities  of  Leaves. 

Most  leaves  are  flat  or  thick,  and  in  each  case  their 
internal  surface  does  not  present  any  closed  cavity,  and 
even  their  surface  has  none  which  is  open  externally ; 
but  there  are  some  leaves  which,  from  different  causes, 
form  exceptions  to  those  two  general  laws. 

In  order  to  commence  with  the  more  simple  cases, 
which  tend  to  render  the  others  clear,  we  see  that  several 
plants,  which  have  the  petiole  large  and  foliaceous,  have 
this  organ  curved  in  such  a  manner  as  to  form  a  kind  of 
longitudinal  tube,  with  a  fissure  on  its  inner  surface; 
sometimes  this  tube  sheathes  the  stem,  as  in  the 
Gramineas,  or  certain  Amomeae,  where  it  bears  the 
name  of  Sheath  ;  sometimes  it  diverges  from  the  stem 
at  its  origin,  and  has  the  appearance  of  an  empty  tube, 
split  upon  one  side:  this  takes  place  in  Sarracenia, 
where  it  may  be  considered  as  a  tube  formed  either  of  a 
fohaceous  petiole,  or  by  the  limb  of  the  leaf;  it  can 
contain  but  httle  or  no  liquid  on  account  of  the  lateral 
fissure.  In  some  plants,  with  palminerved  leaves,  the 
nerves  are  numerous,  very  near  each  other  at  the  base, 
and  disposed  in  such  a  manner  that  the  limb  forms 
a  horn-shaped  reversed  cone,  as  is  seen  in  Pelargonium 
cucullatum.  Some  other  plants  present  accidentally  an 
analogous  disposition,  but  with  the  two  borders  of  the 
horn  united  together,  so  as  to  form  an  entire  horn,  or 
reversed  cone;  this  accident  is  not  rare  in  the  Lune 
(Tilia). 

It  happens  in  some  cases  that  the  top  of  a  common 
petiole,  instead  of  being  prolonged  into  a  tendril,  spreads 
out  into  a  kind  of  hollow  foliaceous  disc^  which  forms  a 
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little  cup ;  this  is  found  from  time  to  time  in  Vicia. 
I  have  seen  a  sub-variety  of  Cabbage,  the  large  nerves 
of  which  were  prolonged  beyond  the  limb,  and  were 
spread  out  into  well  developed  cups. 

The  Nepenthes  presents  an  organization  analogous  to 
the  two  preceding,  but  more  remarkable  than  either; 
its  petiole  is  sheathing  at  the  base,  afterwards  it  con- 
tracts into  a  nearly  semi-cylindrical  body,  then  it 
spreads  out  into  a  foliaceous  expansion,  which  may  be 
considered  either  as  the  border  of  the  petiole,  or  as  the 
limb  of  the  leaf;  whichever  it  be,  the  petiole  (if  it  be  a 
border)  or  the  middle  nerve  (if  it  be  a  limb)  is  pro- 
longed beyond  this  foliaceous  expansion,  under  the 
appearance  of  a  short  and  thick  tendril,  which  spreads 
out  at  its  apex  into  a  long  hollow  cup,  closed  at  the 
sides,  and  with  a  nearly  circular  opening  at  its  ex- 
tremity ;  on  the  side  of  this  orifice,  which  corresponds 
to  the  base  of  the  petiole,  is  a  flat  orbicular  disc, 
capable  of  closing  the  cup  when  it  is  depressed,  and 
of  opening  it  when  raised  up  ;  the  interior  of  the  cup 
secretes,  it  is  said,  a  peculiar  liquid,  and  the  orifice  is  a 
hard  rim  of  the  inner  surface. 

I  am  inclined  to  believe  that  the  disc  forming  the  lid 
is  the  true  limb  of  the  leaf,  and  all  the  rest  of  the  appa- 
ratus is  a  dilatation  of  the  petiole.  I  ought  to  confess, 
however,  that  until  something  intermediate  has  been 
discovered  between  this  extraordinary  structure  and  the 
ordinary  form  of  leaves,  it  will  be  difficult  to  form  very- 
decided  opinions  in  this  respect. 

The  cups  of  Cephalotus  folUcularis  are  perhaps  more 
extraordinary  than  the  preceding,  and  more  difficult  to 
refer  to  any  known  form.  This  plant,  from  New  Holland, 
presents,  in  fact,  two  kinds  of  leaves,  the  one  flat,  oval- 
oblong,  and  which  do  not  present  any  thing  remarkable ; 
the  others,  situated  a  little  below  the  preceding,  are 
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composed  of  a  petiole,  dilated  at  the  apex  into  two  lips, 
the  lower  large  and  very  concave,  open  above  by  a 
circular  orifice,  which  is  hard  and  provided  with  three 
nerves  or  longitudinal  wings  on  its  outer  border ;  the 
upper  lip  is  smaller,  flat,  and  acts  as  a  cover  to  the  cup, 
which  is  often  half  filled  with  a  slightly  sweetish  liquid ; 
but  I  do  not  know  if  it  is  secreted  by  the  plant,  or 
produced  by  the  entrance  of  the  rain. 

Hitherto  we  have  seen  examples  of  cavities  opening 
externally,  but  there  are  other  leaves  which  present 
them  entirely  closed ;  such  are,  for  example,  the  cylin- 
drical and  hollow  leaves  of  several  species  oi Allium,  and  of 
some  kinds  of  Ornithogalum.  These  leaves  are  traversed 
throughout  their  whole  length  by  a  remarkable  cavity : 
it  may  be  believed  that  this  is  either  a  true  hollow, 
produced  by  the  tearing  of  the  internal  cellular  tissue, 
or  that  it  is  a  tube  formed  by  a  petiole  dilated  into 
a  leaf,  folded  into  a  tube,  and  having  its  edges  and  apex 
united.  Thus,  in  the  same  manner  as  the  sheath  of  the 
Cyperaceae  seems  analogous  to  that  of  the  Graminea?, 
except  that  it  has  its  edges  united, — in  the  same  way  it 
may  be  said  that  the  fistular  leaves  oi Allium  differ  from 
those  of  Sarracenia  only  by  this  uniting  together  of  the 
edges.  The  strvicture  of  the  leaves  of  Iris  tends  to 
confirm  this  last  hypothesis. 

Finally,  there  are  some  leaves  which  present  several 
cavities,  which  there  are  some  reasons  for  regarding 
as  simple  gaps :  such  are  the  quadrilocular  leaves  of 
Lobelia  Dortmanna,  and  of  Isoetes  palustris. 
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Section  VIL 

Of  the  Disposition  of  the  Leaves  upon  the  Stem. 

The  disposition  of  the  leaves  upon  the  stem  may  be 
considered  either  with  regard  to  the  parts  of  the  stem 
itself,  or  as  to  their  succession  in  the  duration  of  vege- 
tation, or  especially  in  reference  to  the  comparison  of 
the  leaves  with  one  another. 

In  the  first  point  of  view,  which  is  the  least  impor- 
tant, we  distinguish  them  as  Radical,  Caulinary, 
Ramal,  and  Floral.  These  terms,  although  easily 
comprehended  of  themselves,  require  some  explanation. 
All  leaves  spring  from  the  stem  or  the  branches,  and  all 
ought,  consequently,  to  be  classed  under  the  terms 
cauline  and  ramal :  the  two  others  also  are  only  abbrevi- 
ations to  designate  a  complex  idea ;  those  leaves  are 
called  radical  which  arise  so  near  the  root  that  they 
seem  to  proceed  from  it,  and  not  from  the  stem ;  such 
are  those  of  the  Dandelion  or  the  Hyacinth.  There  are 
plants,  such  as  those  I  have  mentioned,  and  also  Isoetes, 
the  stems  of  which  are  so  short  that  during  the  whole 
period  of  their  existence  they  have  only  radical  leaves. 
There  are  others,  principally  biennials,  the  stem  of 
which  remains  very  short  the  first  year,  so  that  during 
this  period  all  the  leaves  are  radical ;  the  second  year 
the  stem  elongates,  and  is  furnished  with  caulinary  and 
ramal  leaves,  the  radical  ones  perishing  :  we  see  this  in 
most  species  of  QLnothera  and  Verhascum.  Lastly, 
there  are  others,  the  stem  of  which  is  elongated  and 
provided  with  leaves,  and  bears  also  at  the  base  other 
leaves,  in  size  and  form  so  different  from  the  ordinary 
ones  that  they  are  obliged  to  be  described  separately, 
under   the  name  of  radical  leaves  ;    such   are  those  of 
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Anemone,  &c. :     these  radical  ones  are    usually  larger 
and  more  cut  than  the  others. 

As  for  floral  leaves,  all  those  are  designated  by  this 
name,  which  arise  in  the  neighbourhood  of  the  flowers  : 
we  shall  have  occasion  to  revert  in  detail  to  their  history 
when  we  speak  of  the  Inflorescence ;  and  we  shall  only 
remark  here,  that  they  often  differ  from  the  ordinary 
ones  in  their  form,  dimensions,  colour,  and  even  in  their 
position. 

Caulinary  Leaves,  considered  v\ith  regard  to  their  suc- 
cession at  different  intervals,  are  named  Seminal,  Pri- 
mordial, or  Ordinary.  The  Seminal  ones  are  the 
cotyledons  of  the  seed  developed  into  leaves,  the  first 
which  appear  at  germination  ;  the  Primordial  are  those 
which  immediately  succeed  the  seminal :  these  two  kinds 
of  leaves,  which  are  thrown  off"  soon  after  their  develop- 
ment, differ  most  frequently  from  all  the  following  in 
important  characters ;  they  require  to  be  specially  men- 
tioned, and  we  will  examine  them  in  the  course  of  the 
article  upon  the  Seed.  I  am  also  obliged  to  state  here, 
that  the  description  of  the  foliage  of  a  plant  means 
usually  the  ordinary  caulinary  and  ramal  leaves,  and 
excludes  all  others :  this  is  why  Bonnet  has  given  them 
the  name  of  Characteristic  leaves. 

The  position  of  leaves  with  reference  to  each  other,  is 
much  more  important  to  study  than  any  of  the  preceding 
modes  of  considering  them,  and  it  is  intimately  connected 
with  the  general  symmetry  of  plants.  Charles  Bonnet 
was  one  of  the  first  who  called  the  attention  of  na- 
turalists to  tliis  phenomenon,  which  he  has  especially 
considered  physiologically,  but  which  is  not  the  less 
worthy  of  being  studied  in  an  organographical  point  of 
view. 

We  may  recognise  two  great  classes  in  the  disposition 
of  leaves  : — The   first  is   that  of  leaves  placed,  to  the 
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number  of  two  or  more,  upon  the  same  horizontal  plane 
around  the  stem  ; — the  second  comprehends  those  which 
are  always  presented  solitary  on  a  horizontal  section. 

When  more  than  one  leaf  is  found  upon  the  same 
plane,  they  are  said  to  be  Opposite  when  there  are  two 
facing  each  other,  and  Verticillate  when  there  are 
several.  It  is  customary  to  join  to  these  two  funda- 
mental dispositions,  those  of  Gemminate  leaves;  that 
is  to  say,  those  which  arise  side  by  side  ;  but  they  are 
always  a  degeneration  from  some  other  primordial  dis- 
position :  thus,  sometimes  they  are  really  alternate, 
springing  very  near  together,  as  in  Solanum ;  sometimes 
they  are  verticillo-ternate  leaves,  one  of  which  is  acci- 
dentally wanting ;  sometimes  portions  of  compound 
leaves,  which  are  taken  for  entire  ones,  &c.  Of  leaves 
which  spring  upon  the  same  horizontal  plane,  the  oppo- 
site and  verticillate  only  can  be  regarded  as  the  essential 
dispositions.  These  two  arrangements  might  be  reduced 
to  only  one,  for  opposite  leaves  are,  in  reality,  but  verti- 
cils with  two  leaves. 

It  is  an  universal  law  in  Organography,  and  which 
applies  very  particularly  to  this  case,  that  the  greater 
the  number  of  parts,  the  less  regular  they  are :  thus, 
verticils  with  two  leaves  are  the  most  constant  of  all ; 
those  with  three,  four,  five,  &c.  are  successively  less  so. 
Now  and  then  we  find  verticils  of  two  leaves  which  take 
three — as,  for  example,  Lysimachia  vulgaris ;  or  those 
with  three  which  take  two,  or  four,  &c.  But  when  the 
verticils  of  ten  leaves  are  examined,  we  frequently  see 
them  vary  two  or  four  above  or  below  their  usual  num- 
ber— for  example,  in  Galium.  These  variations  take 
place,  either  in  an  individual  of  the  same  species,  or  in 
the  same  individual  at  different  ages  and  different 
periods  of  its  existence. 

Opposite  leaves  are  almost  always  disposed  in  pairs, 


THE    LEAVES    OF   VASCULAR    PLANTS.  277 

in  such  a  manner  that  those  of  the  second  pair  cut  those 
of  the  first  at  a  right  angle,  those  of  the  third  cutting 
those  of  the  second  at  a  right  angle,  and  springing  con- 
sequently immediately  above  those  of  the  first ;  and  so 
on  in  the  same  manner  :  this  disposition  is  very  evident 
in  plants  with  a  square  stem,  as  the  Labiatse ;  and  also 
in  those  with  a  cylindrical  one,  as  the  Lilac,  for  example. 
I  know  hut  one  exception  to  this  law, — it  is  Globulea 
ohvallata,  the  opposite  leaves  of  which  are  disposed  in 
spiral  pairs ;  that  is  to  say,  the  second  pair  only  cuts  the 
first  at  an  acute  angle ;  the  third  cuts  the  second  at  the 
same  angle  ;  and  it  is  only  the  sixth  or  seventh  whicli 
comes  immediately  over  the  first,  so  that  each  system  is 
composed  of  six  or  seven  pairs  spirally  arranged.  Ajuga 
Genevensis,  according  to  the  observation  of  Roeper, 
presents  something  analogous  in  the  lower  part  of  the 
stem. 

As  for  verticillate  leaves,  the  number  of  which  is 
regular,  each  leaf  of  a  verticil  arises  in  the  place  which 
corresponds  to  the  interval  between  two  leaves  of  the 
lower  verticil ;  whence  it  results  that  the  leaves  of  the 
third  correspond  to  those  of  the  first,  those  of  the  fourth 
to  those  of  the  second,  &c.  &c.  :  this  is  a  corresponding- 
law  to  that  of  opposite  leaves  ;  but  it  is  observed  with  less 
accuracy,  because  the  symmetrical  disposition  is  deranged 
as  often  as  the  number  of  the  leaves  of  the  neighbouring 
verticils  is  found  to  vary,  which  is  so  much  the  more 
frequent  the  greater  the  number  is. 

The  constancy  of  the  opposite  or  verticillate  position 
of  leaves  is  sometimes  very  great,  sometimes  very  slight, 
according  to  anatomical  circumstances ;  thus,  this  po- 
sition is  exactly  followed  —  1st,  when  the  leaves  are 
united  together  externally  by  their  base,  which  happens 
in  those  said  to  be  Connate;  —  2d,  when  a  kind  of 
plexus  of  vessels,  or  a  transverse  portion,  unites  them 
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together,  as  in  the  Labiatae ; — 3d,  when  the  stem  pre- 
sents distinct  sides,  the  number  of  which  corresponds  to 
that  of  the  leaves ;  such  are  the  tetragonal  branches  of 
Lagerstrcemia.  When  either  of  these  three  circum- 
stances does  not  exist,  the  opposite  or  verticillate  position 
often  suiFers  exceptions,  especially  in  the  neighboui'hood 
of  flowers  and  at  the  origin  of  the  branches. 

When  the  leaves  are  solitary  on  the  same  horizontal 
plane,  they  are  usually  designated  in  botanical  books 
under  the  name  of  Scattered  leaves,  a  very  incorrect 
term,  for  they  are  primitively  an  order  quite  as  regular 
as  the  preceding ;  or  of  Alternate  ones,  an  equally 
incorrect  term,  since  it  designates  a  peculiar  case  of  the 
class,  and  that  too  which  is  the  least  frequent. 

We  may  distinguish  in  this  class  three  principal  dis- 
positions, 1st.  Leaves  are  said  to  be  Alternate,  in 
the  strict  sense  of  the  word,  when  they  are  disposed  on 
both  sides  of  the  branches  in  such  a  manner  that  the 
third  is  found  over  the  first,  the  fourth  over  the  second, 
&c. :  among  these  alternate  leaves  we  may  distinguisl), 
under  the  name  of  Distichous,  those  which  are  very 
near  together,  and  in  two  distinct  rows.  2d.  Leaves  are 
said  to  be  Quincunx  when  they  are  arranged  in  a 
simple  spire,  formed  of  five  leaves,  so  that  the  sixth  is 
immediately  over  the  first,  the  seventh  over  the  second, 
&c. ;  this  is  a  case  of  the  most  frequent  occurrence — as, 
for  example,  in  the  Pear,  &c.  3d.  The  name  of  Spi- 
rally ARRANGED  Icavcs  is  reserved  for  all  those  which 
have  the  spire  formed  of  more  than  five  leaves ;  and  here 
we  may  reasonably  distinguish  the  triple  spires,  such  as 
Pandanus  or  Draccena,  in  which  each  of  the  three  spires 
which  surround  the  stem  proceeds  parallelly,  and  is  com- 
posed of  from  fifteen  to  twenty  leaves ; — quintuple,  sex- 
tuple, &c.,  such  as  are  found  in  different  species  of 
Pinus,   Euphorhium,   &c.     I  have  even  found  octuple 
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spires ;  such  are  the  floral  leaves,  and  consequently  the 
flowers  of  some  Aloes.  I  have  counted  thirteen  parallel 
spires  in  the  flowers  of  the  male  catkins  of  the  Cedar  of 
Lebanon. 

In  all  these  cases  of  multiple  spires,  they  follow  their 
course  around  the  stem,  parallel  to  one  another.  Their 
direction  is  sometimes  from  right  to  left,  sometimes  the 
contrary  way  in  different  species,  and  sometimes  it  pre- 
sents variations  in  the  same  species.  Thus  Bonnet  has 
counted  seventy-five  examples  of  Chicory  ( Chicorium. 
Intyhus)  where  the  spire  went  in  the  first  direction, 
forty-eight  where  it  was  in  the  second,  and  one  in  which 
Loth  were  united. 

Plants  which  have  the  leaves  disposed  in  many  spires, 
are  almost  always  species  with  long  narrow  leaves,  such 
as  Pinus,  Euphorhium,  &c.  But  the  other  dispositions 
have  not,  in  general,  any  connexion  either  with  the  size 
or  the  form  of  the  leaves.  We  can  only  say,  that  when 
they  are  large  they  are  generally  more  distant,  and  the 
pairs,  verticils,  or  spires,  are  nearer  one  another  when 
the  leaves  are  small. 

All  this  distribution  of  the  leaves  is  connected  with 
the  functions  of  these  organs.  They  are  destined  to 
decompose  carbonic  acid  gas,  and  to  evaporate  the  super- 
abundant water ;  and  physiology  informs  us  that  these 
two  functions  are  caused  almost  exclusively  by  the 
action  of  solar  Kght.  In  order  that  this  action  may 
be  properly  performed,  it  is  necessary^  either  that  the 
leaves  be  far  apart  from  each  other,  or  that  with  a  given 
distance  they  cover  one  another  as  little  as  possible.  In 
fact,  we  have  seen  that  in  all  the  different  systems  of  the 
position  of  leaves,  it  results  that  those  which  arise  im- 
mediately above  the  others  never  exactly  cover  them. 
In  the  least  favourable  cases,  the  third  covers  the  first, 
and  the  fourth  the  second ;   in  several  others,  it  is  the 
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sixteenth,  and  sometimes  the  fifteenth  or  twentieth, 
which  covers  tlie  first.  Tims,  in  combining  these  dis- 
positions either  with  the  distance  of  the  systems  and 
their  parts,  or  with  tlie  size  of  the  leaves,  which  go  on 
diminishing  from  the  base  upwards,  we  come  to  under- 
stand how  all  leaves  enjoy  the  action  of  the  solar  light. 

All  these  dispositions  can,  as  we  have  seen,  be  reduced 
to  two  classes;  viz. — 1st,  Verticillate  leaves,  which, 
when  the  verticil  is  reduced  to  its  minimum,  become 
Opposite  ; — '2d,  Spirally  arranged  leaves,  which,  when 
the  spire  is  reduced  to  its  minimum,  become  Alternate. 

These  two  fundamental  dispositions  can  be  trans- 
formed from  one  into  the  other.  In  fact,  when  the 
leaves  of  a  verticil  are  not  joined  together  at  their  base, 
and  as  the  stem  which  bears  them  gradually  elongates, 
but  following  a  spiral  direction,  which  is  very  frequent, 
each  leaf  is  found  placed  a  little  above  the  preceding 
one,  and  the  leaves,  instead  of  being  verticillate  or 
opposite,  are  spiral  or  alternate.  When  the  first  develop- 
ment of  Dicotyledons  is  observed,  we  clearly  see  that 
this  takes  place  :  the  first,  or  seminal  leaves,  are  always 
regularly  opposite  or  verticillate,  and  the  following 
sometimes  strictly  preserve  their  original  position,  as  in 
the  Caryophyilege,  Labiate,  Rubiacese,  &;c. :  sometimes 
they  gradually  separate  ;  thus,  several  plants,  the  adult 
leaves  of  which  are  spirally  arranged,  have  the  primor- 
dial ones  opposite,*  as  is  seen  in  several  Leguminosa?, 
Compositas,  &c. 

The  contrary  takes  place,  although  more  seldom,  in 
Monocotyledons  ;  their  seminal  or  primordial  leaves  are 
always  alternate  or  spiral.     But  it  sometimes  happens 

*  Cassini  says  that  he  has  observed  that  those  Dicotyledons  which  have 
the  leaves  spirally  arranged,  have  their  cotyledons  clearly  approaching 
each  other  on  one  side  of  the  stem,  whilst  when  they  are  exactly  opposite, 
the  leaves  are  so  likewise. 
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that  the  upper  are  opposite  or  verticillate.  If  the  leaves 
which  compose  each  spire  are  very  near  together,  and 
at  the  same  time  the  interval  between  each  system  is 
well  marked,  the  spire,  becoming  very  short,  resembles 
verticillate  leaves,  as  in  Convallaria  verticillata, — or 
opposite  ones,  as  in  Dioscorea.  When  these  leaves  are 
sheathing,  we  clearly  see  that  they  are  not  really  oppo- 
site, but  that  one  is  a  little  above  the  other,  as  in  the 
glumes  of  the  Glamineae. 

Thus,  when  we  considered  the  Stem,  we  observed  that 
there  was  a  remarkable  connexion  between  its  structure 
and  the  number  of  cotyledons ;  in  the  same  manner  we 
may  here  establish  a  general  law,  that  in  Dicotyledons 
the  leaves  are  primordially  opposite  or  verticillate,  but 
may  become  alternate  or  spiral  in  consequence  of  their 
mode  of  growth ;  and  that  in  Monocotyledons  they  are 
primitively  alternate  or  spiral,  but  may  become  more  or 
less  opposite  or  verticillate  in  their  successive  develop- 
ment ;  whence  it  results,  consequently,  that  every  plant 
which  has  the  lower  or  primordial  leaves  alternate  or  in 
a  spire,  is  a  Monocotyledon,  even  when  the  upper  ones 
are  opposite  or  verticillate. 

The  leaves  of  both  classes  may  appear  to  arise  in 
bundles,  and  are  said  to  be  Fasciculate,  from  some  of 
the  following  causes : — 

1st.  Compound  leaves  may  have  the  common  petiole 
so  short,  that  the  leaflets  seem  to  arise  in  a  bundle  from  a 
common  base,  as  in  Aspalathus. 

2d.  It  sometimes  happens  that  the  true  leaf  is  either 
wholly  or  partly  abortive,  and  at  the  same  time  the 
branch  which  is  developed  in  its  axil  remains  very  short, 
and  furnished  with  small  leaves  ;  this  takes  place  in  the 
Barberry,  the  spire  of  this  shrub  being  the  rudiment  of 
its  true  leaf,  and  those  which  are  called  leaves  are  axil- 
lary leaflets,  crowded  upon  a  very  short  brancli.     This 
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phenomenon  takes  place  in  certain  species  of  AspalatJms 
and  in  Pinus,  where  the  sheath  represents  the  leaf,  and 
the  two,  three,  or  five  leaves  which  it  contains  are  the 
first  of  an  abortive  branch.  The  Cedar  and  Larch  show 
that  fasciculate  leaves  are  only  those  of  a  branch,  very 
near  together  ;  for  in  the  spring  they  are  fasciculate,  and 
when  the  axillary  branches  have  had  time  to  elongate 
during  the  summer,  the  leaves  become  alternate.  The 
Asparagi  owe  to  an  analogous  cause  their  bundles  of 
axillary  leaves,  from  the  axil  of  a  scale  which  is  the 
rudiment  of  the  true  leaf. 

Thus,  leaves  said  to  be  fasciculate  do  not  constitute 
a  primitive  disposition,  but  are  combinations,  of  which 
all  the  systems  of  leaves  can  be  susceptible. 


Section  VIII. 
Of  Stipules. 

The  name  of  Stipules  (stipulcc)  is  given  to  little 
foliaceous  organs,  situated  on  both  sides  of  the  base  of 
leaves. 

Stipules  do  not  exist  in  Monocotyledonous  plants, 
or  in  any  Dicotyledon  which  has  a  sheathing  petiole ; 
among  Dicotyledons  with  leaves  which  do  not  sheath, 
they  are  also  very  frequently  absent,  especially  in  those 
with  opposite  leaves.  Their  existence  however  appears 
to  be  intimately  connected  with  the  general  s3Tnmetry 
of  plants,  for  they  exist  or  are  absent  in  all  the  species 
of  a  family  ;  thus,  stipules  are  found  in  the  Rubiaceae, 
Malvaceae,    Amentaceae,    Leguminosse,    Rosaceoe,    &c., 
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and  they  are  wanting  in  all  the  Caryophylleas,  Myr- 
taceee,  &c. 

The  only  thing  which  essentially  characterises  the 
stipules,  is  their  lateral  position  at  the  base  of  leaves  ; 
for  otherwise  all  their  other  characters  are  very  variable 
in  different  plants  ;  and  it  is  not  impossible  that  we 
might  confound,  under  this  common  name,  organs  in 
reality  distinct.  Their  texture  in  several  plants  is  per- 
fectly foliaceous,  and  in  this  case  they  present  all  the 
properties  peculiar  to  leaves  ;  so  that  it  might  be  said 
that  they  are  only  small  accessory  ones,  sometimes  peti- 
olate,  more  frequently  sessile,  sometimes  entire,  some- 
times toothed  or  lobed,  with  pinnate  or  palmate  nerves, 
&c.  ;  but  none  are  ever  found  to  be  compound,  pelti- 
nerved,  or  pedalinerved. 

They  are  frequently  found  membranous,  as  the  leaves 
themselves  become  in  several  plants  ;  and  in  certain 
respects  it  might  be  said  that  these  stipules  are  the 
phyllodia  of  stipules,  for  they  most  commonly  have  an 
enlarged  base  and  longitudinal  nerves,  as  petioles  devoid 
of  limbs. 

It  appears  that  some  stipules  degenerate  into  true 
spines,^by  becoming  indurated ;  such  are  those  of  Pictetia. 
But  it  must  be  observed,  that  the  name  of  spiny  stipules 
is  sometimes  given  to  different  organs ;  thus,  in  several 
species  of  Acacia,  such  as  A.  pilosa  and  A.  hcematomma, 
we  see  at  the  same  time  on  each  side  of  the  base  of  the 
leaves  a  true  stipiile,  and  a  spine  which  is  situated 
below  it,  and  is  evidently  a  prolongation  of  the  coussinet*' 
of  the  leaf;  w^hence  we  may  conclude,  from  analogy, — 
1st,  that  what  are  called  the  stipulary  spines  of  the 
MimoseaB,  are  not,  as  is  believed,  hardened  stipules,  but 

*  This  name  is  given  to  a  little  swelling  of  the  stem,  situated  under  the 
leaf,  and  serving  as  a  support  to  it.  It  is  particularly  visible  in  the  Legu- 
minosae.     In  Latin  it  is  named  pulvinus. 
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processes  of  the  coussinet ;  2d,  that  when  the  coussinet 
has  a  tendency  thus  to  be  prolonged  into  a  spine,  the 
stipules  which  ought  to  spring  above  it  are  frequently 
abortive. 

Lastly,  stipules  may  appear  to  be,  like  certain  petioles, 
capable  of  being  transformed  into  tendrils :  it  is  perhaps 
a  transformation  of  this  kind  which  gives  origin  to  the 
tendrils  of  the  Cucurbitaceae ;  we  see  in  following  the 
vegetation  of  Tra2)a  natans,  that  those  stipules  which 
grow  under  water  are  elongated,  and  not  unlike  simple 
tendrils,  whilst  those  which  are  produced  in  the  air  are 
flat,  oblong,  and  resembling  for  the  most  part  ordinary 
stipules. 

The  size  of  stipules,  though  less  variable  than  their 
texture,  also  presents  remarkable  differences  ;  in  general 
they  are  smaller  than  the  leaves,  but  there  are  some 
plants  in  which  the  stipules  are  developed  more  than  the 
true  leaves,  and  then  they  perform  the  physiological 
functions  of  these  organs  ;  this  happens  very  evidently  in 
Lathjrns  aphaca,  where  the  leaflets  are  almost  always 
abortive,  and  the  stipules  alone  elaborate  the  sap.  The 
contrary  takes  place  in  several  other  Leguminosae,  where 
the  stipules  are  so  small  that  it  may  be  said  that  they 
are  almost  completely  absent,  and  frequently  even  they 
are  absolutely  abortive. 

The  duration  of  stipules  is  also  one  of  the  variable 
modifications  of  this  organ ;  there  are  some  which  are 
persistent  at  the  base  of  leaves  throughout  their  exist- 
ence, and  fall  off  nearly  at  the  same  time  with  them ; 
these  are  generally  those  of  a  foliaceous  texture,  which 
follow  thus  the  lot  of  the  leaves.  There  are  others, 
principally  membranous  ones,  which  fall  off  very  early, 
such  are  those  of  the  Oak  and  most  Amentaceae ;  this 
circumstance  often  makes  us  fancy  that  they  are  wanting 
where  they  have  simply  dropped  off  early  ;  lastly,  there 
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are  some  also  among  membranous  ones,  and  especially 
spiny  ones,  which  remain  after  the  fall  of  the  leaves ; 
this  is  observed  in  several  woody  Rubiacege,  in  Ery- 
throxylon,  &c. 

One  of  the  most  remarkable  differences  which  stipules 
present,  when  compared  together,  is  the  various  manners 
in  which  they  adhere  either  to  the  petiole  or  to  each 
other. 

With  regard  to  the  first,  stipules  are  said  to  be  Peti- 
OLARY,  when  by  their  inner  side  they  are  more  or  less 
joined  to  the  petiole — as,  for  example,  vaRosa,  TrifoUum, 
&c. ;  they  are  called  Caulinary  when  they  do  not 
adhere  to  the  petiole,  as  in  Vicia.  Petiolary  stipules, 
on  account  of  their  adherence  to  the  petiole,  have  in 
general  the  same  duration  as  the  leaf;  caulinary  ones 
are  those  alone  among  which  we  find  remarkable  varia- 
tions of  duration,  that  is  to  say,  which  can  either  fall  off" 
early  or  continue  after  the  leaves. 

Those  which  arise  on  both  sides  of  the  leaf  are  some- 
times so  large  that  they  are  united  together  at  the  oppo- 
site side  of  the  stem  ;  then  the  two  stipules  seem  only  to 
make  one  opposite  the  petiole  ;  and  as  this  union  is  rarely 
complete,  the  portions  which  remain  free  at  the  apex 
may  appear  as  two  teeth  or  lobes ;  and  it  is  usual  to 
say,  that  this  pretended  single  stipule  is  emarginate,  or 
bifid :  this  we  see  in  several  species  of  Astralagus,  which 
form  the  sections  of  A.  synochreati  and  hypoglottidcei. 
On  comparing  together  the  species  of  these  two  sections, 
we  may  remark  all  the  difiTerent  degrees  of  their  junction. 
All  stipules  said  to  be  opposite  the  leaves,  appear  to  be 
formed  in  the  same  manner ;  when  they  do  not  present 
any  emargination,  we  may  judge  of  them  by  analogy, 
and  by  the  disposition  of  the  nerves  :  these  stipules  are 
found  in  Magnolia,  Ricinus,  certain  species  of  Ficus 
(PI.  6.)  &c. 
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Lateral  stipules  may  also  be  united" together  in  a  con- 
trary direction,  so  as  to  become  intra-axillary :  this  is 
very  clearly  observed  in  Melianthus  major  (PI.  13,  fig,  5)  ; 
the  great  foliaceous  and  intra-axillary  stipule  which  dis- 
tinguishes this  species  is  formed  by  the  union  of  two, 
which  is  easily  perceived,  both  by  the  disposition  of  the 
nerves  and  by  the  comparison   of  it  with  Melianthus 
comosus  (PI.  13,  fig.  4),  where  the  two  stipules  remain 
distinct  and  lateral.     I  am  inclined  to  believe  that  all  the 
stipules  said  to  be  intra-axillary  come  under  this  law ; 
thus,  those  of  several  Rubiacese,  Gomphia,  Erythroxy- 
lea9,  &;c.,  are  formed  by  the  junction  of  two  lateral  ones : 
there  are  cases  where  this  fact  is  perfectly  visible.     Per- 
haps in  the  same  manner  it  ought  to  be  said  that  the 
OcHREA  in  the  Polygoneae  is  nothing  but  the  prolonga- 
tion of  the  base  of  the  petiole  into  membranous  stipules, 
joined  together  so  as  to  form  a  more  or  less  complete 
sheath,  more  or  less  detached  from  the  leaf  itself. 

In  opposite  leaves  provided  with  stipules,  it  frequently 
happens  that  those  of  each  side  of  a  leaf  are  united 
with  those  of  the  opposite  leaf,  whence  it  results  that 
there  seem  to  be  but  two  stipules,  one  on  each  side  com- 
mon to  the  two  leaves.  Several  Geraniaceae  present 
this  peculiarity  in  a  very  evident  maimer ;  the  stipules 
of  the  Rubiaceas,  with  opposite  leaves,  belong  to  this 
class  ;  they  are  sometimes  united  by  their  base  alone, 
sometimes  as  far  as  the  apex,  so  as  to  seem  a  single 
stipule. 

In  certain  verticillate  leaves,  such  as  Ruhia,  Galium, 
&c.  the  buds  or  young  branches  do  not  spring  from  the 
axils  of  the  leaves,  but  only  from  two  opposite  ones.  I 
think  that  the  two  furnished  with  buds  are  the  true 
leaves,  and  that  the  others  ought  to  be  considered  some- 
times as  foliaceous  stipules,  (and  I  think  that  this  is  the 
case  in  several  stellate  ones,)  and  sometimes  as  the  lobes 
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of  palmatisected  leaves,  which  is  perhaps  the  case  with 
the  seminal  leaves  of  Firs. 

It  is  sometimes  difficult  to  distinguish  well  the  lower 
leaflets  of  leaves  with  stipules;  and  this  confusion  is 
especially  easy  in  two  cases — viz.  when  the  stipules  are 
foKaceous,  or  when  they  adhere  to  the  petiole ;  but,  in 
either  case,  a  httle  attention  given  to  the  point  of  origin 
of  the  stipule  will  remove  all  doubts. 

One  of  the  most  striking  general  characters  to  dis- 
tinguish leaves  and  stipules  is,  that  the  former  have  at 
their  axil  a  bud,  of  which  the  latter  are  devoid  :  this 
observation  makes  me  doubt  if  it  be  correct  to  say,  that 
the  two  buds  which  are  developed  laterally  to  the  axil, 
in  the  young  shoots  of  the  Willow,  of  which  the  natural 
bud  has  been  removed,  are  those  of  the  stipules,  as  Du 
Petit-Thouars  appears  to  think ;  but  whether  they  are  not 
rather  simple  adventitious  ones,  such  as  can  be  produced 
in  other  places  and  other  trees  where  no  stipules  are 
found. 

The  leaflets  of  compound  leaves  present  sometimes  at 
their  base,  little  organs,  which  are  to  these  leaflets  nearly 
the  same  as  stipules  are  to  leaves.  I  have  given  to  them 
the  name  of  Stipels.  They  are  general  solitary  at 
the  base  of  the  lateral  leaflets,  and  to  the  number  of  two 
(one  on  each  side)  at  the  base  of  the  terminal  one  ; 
they  are  observed,  for  example,  in  most  of  the  Hedy- 
sareas. 

The  natural  use  of  the  stipules  appears  in  general 
to  be,  to  cover  over  and  to  protect  the  leaves  during 
their  development.  This  is  evident  in  the  Amentacege, 
Rosaceee,  and,  in  general,  in  plants  the  buds  of  which 
are  wholly,  or  in  part,  formed  by  the  stipules ;  but  it 
must  be  confessed  that  in  several  cases  their  small  size, 
their  nature,  or  their  form,  renders  them  hardly  fit  for 
this  purpose,  which  is  the  only  one  that  can  be  assigned 
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to  them :  those  which  are  foliaceous'  cooperate  in  the 
elaboration  of  the^juices ;  those  which  are  changed  into 
spines,  "serve  for  the  defence  of  the  plant. 


Section  IX. 

Of  the  Union  of  Leaves  with  each  other  and  with  other 

Organs. 

Leaves  are  organs  which  unite  with  the  greatest 
facility  both  with  one  another  and  vsdth  the  stem  or 
pedmicles. 

When  two  leaves  are  found  very  near  together  at 
their  margins,  at  the  period  of  their  development,  they 
join  together,  as  is  frequently  seen  in  purely  accidental 
cases;  thus  I  have  figured  an  example  of  the  Laurel, 
(PL  14,  fig.  1,)  and  another  of  Justicia  oxyphylla, 
(PI.  14,  fig.  2,)  and  there  is  no  botanist  who  has  not 
found  analogous  ones  in  different  plants.  There  are 
plants  in  which  this  phenomenon,  instead  of  being  acci- 
dental, is  more  or  less  constant ;  thus,  opposite  leaves 
are  very  frequently  united  by  their  bases,  so  that  they 
seem  to  form  a  single  disk  pierced  by  the  stem ;  this  is 
seen  in  Crassula  perfossa,  Sylphium  perfoliatum,  and  in 
the  upper  leaves  of  several  Honeysuckles  {Lonicera). 
In  these  last,  in  particular,  the  fact  is  the  more  striking, 
as  in  following  the  leaves  from  the  base  upwards  we 
can  see  all  the  degrees,  from  those  perfectly  free  to  those 
which  are  completely  united.  To  these  opposite  leaves 
united  at  their  base  the  name  of  Connate  {folia  con- 
natd)  is  given.  When  the  leaves  are  verticillate  they 
can  also  be  united  together,  so  as  to  surround  the  stem 
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by  a  kind  of  ring ;    w^e  see  this  in  the  floral  leaves  of 
Seseli  Hippomarathrum,  for  example. 

Leaves  which  are  neither  opposite  nor  verticillate 
cannot,  on  account  of  their  position,  be  naturally  united 
by  their  edges,  but  there  happens  another  phenomenon 
analogous  to  the  preceding : — if  they  are  sessile,  and 
their  lower  parts  are  sufficiently  developed  to  allow  of 
their  making  the  circuit  of  the  stem,  it  happens  in  some 
cases  that  the  two  edges  are  joined  together  at  the  base, 
and  the  limb  thus  surrounds  the  stem,  which  seems  to 
pierce  it.  It  is  this  which  takes  place  in  Bupleurum 
perfoUatum.  We  say  then  that  the  leaf  is  Perfoliate, 
a  name  which  has  also  been  extended  to  cases  of  oppo- 
site or  verticillate  ones,  joined  together ;  for  example, 
Crassula  perfoliata,  Triosteum  perfoUatum,  Sec. 

In  all  these  different  cases  the  annular  limb,  which 
results  from  the  union  of  several  leaves  or  lobes  of  the 
same  leaf,  may  present  two  positions :  —  either  it  is 
entirely  spread  open,  and  forms  a  ring  which  cuts  the 
stem  at  nearly  a  right  angle ;  or  it  is  more  or  less  erect, 
and  then  following  the  direction  of  the  stem,  it  sur- 
rounds it  by  a  kind  of  sheath,  more  or  less  prolonged. 
In  this  last  case  it  happens  sometimes  that  the  sheath 
remains  distinct  from  the  stem,  and  does  not  adhere  to 
it,  as  in  the  Gramineae ;  sometimes  its  internal  surface 
adheres  to  the  stem,  and  seems  to  make  part  of  it;  it  is 
in  this  manner,  for  example,  that  the  leaves  oi  Salicornia 
sheathe  the  stem  and  adhere  to  it. 

In  reference  to  this,  some  Ficoids  present  a  \exy 
singular  appearance :  their  leaves  are  opposite,  very 
thick,  and  so  joined  together  by  their  edges  (connate) 
that  each  pair  contains  within  it  the  young  shoot  about 
to  be  developed;  when  the  top  of  the  stem  enlarges, 
it  breaks  the  union  of  the  leaves,  which  serve  as  a  bud 
for  it,  and  it  appears  beyond  it,  having  in  the  same 
VOL.  I.  u 
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manner  two  united  leaves,  vv^hich  enclose  the  following 
shoot. 

The  leaves  may  also  be  adherent  to  the  stem,  after 
two  systems,  confounded  in  books  under  the  name  of 
Decurrent  leaves  :  we  call  by  this  name  all  those  the 
limbs  of  which  are  prolonged  on  both  sides  into  foliaceous 
tongues,  which  seem  to  arise  from  the  stem.  This  appear- 
ance may  be  produced  by  two  causes  : — 

1st.  The  leaf  may  be  adherent  to  the  stem  by  the 
upper  surface  of  its  middle  nerve,  so  that  it  seems  to 
proceed  from  the  stem  at  the  place  where  its  junction 
with  it  ceases,  and  the  part  of  its  limb  which  arises  from 
the  portion  of  the  nerve  adherent  to  the  stem  seems  to 
proceed  from  the  stem  itself,  and  form  two  lateral  wings. 
This  takes  place  in  the  floral  leaf  of  the  Lime  (Tilia), 
and  in  the  leaves  of  several  species  of  Solanum. 

2d.  The  leaf  may  be  prolonged  at  its  base  into 
auricles,  which  are  directed  along  the  stem,  and  are 
adherent  to  it :  this  happens  in  most  of  the  leaves  said 
to  be  decurrent.  Prenanthes  viyninea  presents  a  very 
remarkable  example. 

Leaves  can,  as  we  have  said,  be  united  to  peduncles, 
which  thus  seem  to  spring  from  the  petiole  or  the  leaf; 
but  as  this  phenomenon  has  more  importance  in  the 
history  of  the  peduncle  than  in  that  of  the  leaf,  we  shall 
speak  of  it  when  we  treat  of  the  Inflorescence. 

There  are  cases  where  the  distinction  between  leaves 
and  peduncles,  which  appears  clear  and  easy  in  general, 
becomes  extremely  complicated ;  this  happens  in  the 
Ferns.  1  have  purposely  omitted  mentioning  them  in 
this  chapter  on  Leaves,  for  the  organs  called  leaves  may 
indifferently  be  considered  either  as  true  leaves,  which 
bear  the  flowers  and  fruit,  or  as  peduncles,  bordered  by 
foliaceous  wings ;  under  this  doubt  I  shall  delay  treating 
of  them  until  I  speak  of  the  fructification  of  this  family. 
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Section  X. 
Of  the  Irregularity  of  foliaceous  Organs. 

The  ordinary  state  of  leaves  is  symmetrical ;  that  is  to 
say,  that,  in  general,  the  two  sides  of  the  leaf  separated 
by  the  middle  nerve  have  a  tendency  to  be  equal  and 
alike.  This  tendency  to  symmetry  is  remarked  both  in 
simple  and  compound  leaves,  and  it  is  generally  observed 
likewise  in  each  lobe  or  leaflet  considered  separately ; 
but  to  form  an  exact  idea  of  this  symmetry,  we  must  not 
seek  for  a  too  geometrical  regularity,  which  never  exists 
in  organized  beings.  The  two  sides  of  leaves  are  con- 
sidered as  symmetrical  or  regular  when  they  differ  but 
little  in  the  same  dimensions,  or  when  they  do  so  in 
a  variable  and  accidental  manner.  But  there  is  a  certain 
number  of  plants  in  which  the  two  sides  of  the  leaves,  or 
leaflets,  are  constantly  unequal,  and  they  are  designated 
by  the  names  of  Inequilateral  or  Oblique.  Thus, 
in  leaves,  the  two  sides  of  those  of  Begonia  are  very 
remarkable  for  their  inequality;  several  species  of 
Greivia  present  analogous  examples  ;  it  is  also  visible 
in  Pterospermum  semisagittatum,  &e.  This  inequality 
generally  exists  only  in  alternate  leaves,  and  I  cannot 
find  in  my  memoranda  any  example  of  an  inequilateral 
opposite  leaf.  This  fact  tends  to  prove  that  this  ine- 
quality ought  to  be  referred  to  the  position  of  the  leaf 
upon  the  plant  favouring  the  development  of  one  of  its 
sides  more  than  the  other ;  and  in  this  case  it  is  always 
the  lower  wdiich  is  developed  most. 

This  law  is  still  more  evident  in  the  leaflets  of  pin- 
nate leaves :  when  they  are  imequal,  which  frequently 
is  the  case,  and  are  met  with  indifferently  in  alternate  or 
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opposite  leaflets,  the  side  most  developed  is  always  the 
lower,  the  upper  being  narrower  and  less  prolonged. 

In  leaves  with  palmate,  peltate,  or  pedate  nerves, 
when  thei'e  is  inequality  in  the  two  sides  of  the  leaflets, 
or  lobes,  the  external  are  always  those  which  are  de- 
veloped most,  probably  because  their  development  is 
not  restrained  by  the  neighbouring  parts.  The  same 
observation  may  be  made  upon  the  stipules,  which  are 
very  frequently  irregular,  the  outer  side,  or  that  most 
distant  from  the  petiole,  having  a  tendency  to  be  dilated 
much  more  than  the  inner,  whence  it  results  that  several 
of  them  have  the  longitudinal  nerve  very  near  the  inner 
edge,  and  their  general  form  is  semiovate,  semicordate, 
or  semisagittate. 

The  inequality  of  the  two  sides  of  a  compound  leaf  is 
also  perceptible  in  certain  leaves,  in  some  of  the  sides 
being  devoid  of  a  leaflet,  the  existence  of  which  is  indi- 
cated by  the  general  symmetry ;  thus,  Anthyllis  tetra- 
phylla,  and  all  the  species  of  Anthyllis  of  the  section  of 
Cornicineae,  are  devoid  of  a  leaflet  or  a  stipule  towards 
the  base  of  one  of  the  sides  of  the  leaf.  Thus,  in  several 
species  of  Mimosa  (PI.  13,  figs.  2, 2*,)  the  common  petiole 
of  which  bears  two  partial  ones,  each  of  which  wants  a 
leaflet  of  the  lower  pair  of  the  inner  side,  this  absence 
is  owing  to  a  constant  abortion,  for  the  place  of  the 
leaflet  is  vacant,  and  in  some  accidental  cases  it  is 
developed. 

Not  only  have  leaves,  considered  with  regard  to  them- 
selves, their  sides  symmetrical,  but  they  also  almost  always 
present  a  symmetry  in  size,  when  they  are  considered  with 
regard  to  their  position  upon  the  stem.  Thus,  in  almost 
all  opposite  or  verticillate  leaves,  those  which  spring 
from  the  same  horizontal  plane  are  perceptibly  equal. 
Sometimes,  in  verticillate  ones,  they  are  alternately  a 
little  unequal ;  but  in  opposite  ones  there  has  recently 
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been  presented  a  curious  example  of  inequality  in 
Ruellia  anisophylla : — one  of  two  opposite  leaves  is  very 
small  and  narrow,  and,  as  it  were,  abortive  in  com- 
parison with  the  other ;  but  symmetry  is  also  met  with  in 
this  irregularity,  for  on  comparing  the  successive  pairs, 
the  small  leaf  is  found  alternately  on  both  sides. 

Stipules  present  analogous  phenomena  ;  thus  it  hap- 
pens, although  rarely,  that  those  of  the  two  sides  of  a 
leaf  are  unequal  in  form  and  size.  This  is  very  remark- 
able in  Ervum  Ervilia,  in  which  one  of  the  stipules  of 
each  leaf  is  small,  entire,  scarcely  apparent,  whilst  the 
other  is  large  and  cut.  There  are  some  plants  where 
they  do  not  seem  to  exist  on  one  side:  such  are  the 
stipulary  tendrils  of  several  Cucurbitaceas,  supposing 
that  these  are  true  stipules;  such  are  especially  the 
stipulary  spines  of  some  Capparideae,  such  as  Capparis 
heteracantha,  See. 


Section  XI. 

Of  the  History  of  Leaves  at  different  Periods  of  their 

Existence. 

The  leaves  arise  upon  the  young  shoots,  and  all  of 
them  are  already  existing  there,  and  more  or  less  de- 
veloped, at  the  moment  when  this  young  shoot  begins 
to  appear ;  necessarily  they  are  very  close  to  each  other, 
very  small,  and  reduced,  thus  to  speak,  to  their  fibrous 
skeleton.  At  this  period  sometimes  the  outer  leaves, 
altered  in  their  development  by  the  action  of  the  air, 
take  the  appearance  of  scales,  and  serve  as  coverings  to 
the  inner  leaves,  and  to  the  young  shoot  itself;  some- 
times, on  the  contrary,  they  are  developed  as  the  inner 
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ones,  and  do  not  appear  so  clearly  to  serve  for  their 
envelope :  in  the  former  case  the  name  of  Scaly  Bud 
is  given  to  the  integument  formed  by  the  outer  leaves, 
and  in  the  latter  we  say  that  the  leaves  are  naked,  or 
vrithout  buds.  The  buds  being  organs  common  to  the 
nutritive  and  reproductive  parts,  and  only  being  formed 
by  the  degeneration  of  other  organs,  their  detailed  study 
will  only  be  presented  to  us  in  the  Fourth  Book  of  this 
work,  but  we  have  to  examine  here  the  state  of  leaves 
from  the  period  of  their  birth  to  that  of  their  death ; 
it  must  also  be  remarked,  that  we  will  consider  their 
history  with  regard  to  their  structure,  properly  so  called, 
and  not  as  regards  their  physiological  functions. 

Leaves,  whether  considered  as  enclosed  in  a  bud,  or 
developed  naked  at  their  birth,  are  always,  at  this  age, 
disposed  in  such  a  manner  as  to  occupy  the  least  pos- 
sible space.  Different  causes  determine  their  appearance 
at  this  period,  viz.  their  position  and  mode  of  adherence 
to  the  stem,  the  disposition  of  their  principal  nerves,  and 
the  different  degrees  of  separation  or  union  of  their 
parts.  All  the  appearances  which  result  from  the  com- 
plication of  these  causes  may  be  reduced  to  a  limited 
number  of  folds,  or  curves,  under  which  all  known  leaves 
may  be  classed.  Under  this  head,  leaves  are — 1st, 
folded  or  rolled  lengthways  upon  the  longitudinal  nerve, 
which  remains  straight;  2d,  folded  or  curved,  so  that 
their  apex  is  applied  to  their  base  ;  3d,  they  present 
sometimes  neither  curves  nor  perceptible  folds. 

The  most  usual  state  of  the  leaves,  or  portions  of  the 
leaves,  of  Dicotyledons,  and  especially  of  those  with 
petioles  which  do  not  sheath,  is  to  be  folded  lengthways 
upon  their  middle  nerve,  so  that  the  two  sides  of  the 
limb  have  a  tendency  to  be  applied  one  upon  the  other 
by  their  upper  surface.  This  appears  to  be  the  normal 
state  of  all  leaves  and  leaflets  with  pinnate  nerves,  but 
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the  appearance  is  modified  by  very  slight  difFerenees. 
Thus,  for  example,  when  two  penninerved  leaves  are 
exactly  opposite,  and  in  crossing  pairs,  they  are  so 
folded  as  to  embrace  the  inner  pair :  we  see  this  in  the 
Privet.  These  kinds  of  leaves  are  said  to  be  Equitative. 
When  the  opposite  position  of  leaves  is  less  exact,  one 
of  the  sides  of  each  leaf  is  found  a  little  on  the  outside, 
and  the  other,  consequently,  a  little  on  the  inside  :  this 
happens  in  Saponaria,  and  then  the  leaves  are  said  to 
be  Semi-embracing.  When  the  leaves  are  alternate 
or  quincunx,  each  is  folded  wholly  upon  itself,  and,  thus 
folded,  they  are  found  lying  side  by  side  without  em- 
bracing each  other  :  this  is  the  case  in  the  Beech  ;  they 
are  then  said  to  be  Conduplicate. 

Palminerved  leaves  may  be  considered,  as  we  have 
seen  above,  as  formed  by  the  junction  of  partial  penni- 
nerved limbs,  each  of  which  has  a  tendency  to  be  folded 
upon  itself,  and  it  results  that  the  whole  of  the  limb  is 
folded  upon  the  nerves  like  a  fan ;  this  takes  place  in  the 
Vine  and  all  palminerved  leaves.  They  are  said  to  be 
Plicate,  or  folded  in  a  fan-like  manner. 

The  leaflets  of  palmate  leaves  present  the  same  dis- 
position :  they  are  folded  upon  their  middle  nerve,  and 
placed  side  by  side ;  those  of  pinnate  ones  are  also 
folded  and  placed  in  like  manner,  covering  each  other  on 
the  edges  of  a  common  petiole. 

Some  penninerved  leaves  present  peculiarities  which, 
without  differing  much  from  the  general  rule,  have 
caused  them  to  have  particular  names.  Thus,  there 
are  some,  which,  although  folded  upon  the  middle  nerve, 
have  their  two  edges  more  or  less  rolled,  either  outwards, 
as  in  the  Rosemary,  and  are  said  to  be  Revolute  ;  or 
inwards,  as  in  Euonyvius,  or  Nymphcea,  which  are  said 
to  be  Involute  ;  or  upon  one  another,  as  in  the  Apricot, 
when  they  are  termed  Supervolute.     It  is  not  known 
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what  is  the  peculiarity  of  structure  in  th^se  plants  which 
causes  this  disposition  to  roll  up,  so  rare  in  Dicotyledons, 
but  so  common  in  Monocotyledons. 

Lastly,  there  are  some  leaves  of  Dicotyledons,  which, 
although  provided  with  a  middle  nerve,  are  so  narrow, 
that  they  cannot  be  folded,  and  lie  over  one  another 
without  any  apparent  order ;  this  takes  place  in  the 
Larch,  Fir,  &;c. :  they  are  termed  Imbricate.  Petioles 
without  limbs  present  an  analogous  disposition  when  they 
are  not  sheathing. 

Leaves  with  the  petiole  embracing  the  stem  for  a 
considerable  extent  (this  comprehends  most  Monocotyle- 
dons, and  some  Dicotyledons),  present  in  their  infancy 
dispositions  slightly  differing  from  the  preceding.  Most 
of  them,  which  are  only  composed  of  a  dilated  petiole, 
are  simply  curved  and  imbricated  upon  one  another ;  we 
see  this  in  the  coats  of  the  Onion,  in  the  leaves  of  most 
Liliaceae,  and  m  the  sheaths  devoid  of  limbs,  which 
form  the  upper  leaves  of  the  Umbelliferas,  or  the  in- 
volucra  of  the  Compositae.  Those  sheathes,  which  are 
very  narrow,  are  almost  flat ;  and  the  larger  they  are,  the 
more  are  they  curved. 

There  are  some  plants  with  sheathing  petioles,  in 
which  this  organ  has  a  tendency  to  fold  back  lengthways 
iipon  itself,  as  if  it  had  a  middle  nerve,  and  thus  takes 
the  appearance  of  a  vertical  limb  formed  by  the  appli- 
cation of  the  two  sides  of  their  upper  surface :  this 
happens  in  the  Iris.  Considered  in  their  infancy,  these 
leaves  are  said  to  be  Embracing,  because,  being  alter- 
nate, each  of  them  embraces  by  its  two  borders  the  two 
borders  of  the  leaf  which  follows  it.  Considered  as  to 
their  form  at  the  state  of  complete  development,  they  are 
named,  as  I  have  said  above,  Ensiform.  Among  Mono- 
cotyledons with  a  sheathing  petiole,  we  find  several  inter- 
mediate  states  between  those  leaves  with  a  curved  or 
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folded  petiole  ;  thus,  the  petioles  of  the  Potaraogetons 
approach  in  this  respect  those  of  the  Iris  ;  the  leaves  of 
several  Hyacinths  are  nearly  folded  lengthways,  &c. 

A  third  disposition,  entirely  peculiar  to  Monocotyle- 
dons provided  with  limbs,  is  that  of  being  Convolute  ; 
that  is  to  say,  of  having  the  limb  rolled  in  the  form  of 
a  cone  upon  one  of  its  edges  which  proceeds  from  the 
axis  ;  it  is  this  which  is  found  in  the  Scitamineae  and 
Amomeas. 

Almost  all  the  leaves  of  plants  enter  into  one  of  the 
dispositions  which  I  have  mentioned ;  but  there  are  some 
which  seem  formed  upon  an  entirely  different  type,  and 
instead  of  being  folded  in  a  longitudinal  direction,  are 
so  in  a  transverse  one.     Such  are — 

1st.  Leaves  said  to  be  Replicate  ;  that  is  to  say, 
those  which  are  folded  so  that  their  upper  part  is  applied 
to  the  lower  ;  this  is  observed  in  the  leaves  of  Aconitum, 
The  young  leaves  of  the  Tulip-tree  ( Liriodeniron  tulipi- 
fera)  have  the  petiole  curved,  so  that  the  limb  is  folded 
back  upon  the  base,  and  may  be  considered  as  belonging 
to  this  class. 

2d.  CiRCiNNATE  Leaves  :  that  is  to  say,  those  which 
are  rolled  up  from  the  apex  to  the  base,  the  point  of  the 
leaf,  or  of  each  of  its  lobes,  serving  as  the  axis  of  the 
roll.  This  takes  place  in  Dicotyledons  in  the  Droseraceae, 
in  Monocotyledons  in  the  Cycadeae,  and  is  found  in  the 
highest  degree  in  the  Ferns. 

As  soon  as  leaves  begin  to  grow,  they  are  seen  to 
elongate  and  enlarge  very  regularly  ;  but  the  laws  of 
this  growth  are  not  as  well  known  as  could  be  desired. 

Petioles  formed  of  parallel  fibres,  and  of  a  foliaceous 
appearance,  as  those  of  Monocotyledons,  and  particu- 
larly the  foliaceous  organs,  which,  for  the  sake  of  abbre- 
viation, are  called  leaves  in  Hyacinths  and  other  bulbous 
plants,   elongate   in   a  manner  peculiar  to  them — viz. 
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their  apex  is  the  first  part  which  appears,  and  they  are 
elevated  in  issuing  from  the  bulb  as  if  they  were  pushed 
up  from  below.  Upon  a  leaf  of  this  kind,  half  developed, 
I  marked  points  at  equal  distances ;  these  marks 
remained  at  the  same  distance  at  which  I  placed  them, 
but  the  lowest  was  found  further  from  the  base  from 
the  development  of  the  part  situated  below  it,  and  before 
buried  in  the  bulb  ;  thus,  while  the  branches  of  the  year 
elongate  throughout  their  whole  length,  and  the  roots 
by  their  extremities  alone,  these  kinds  of  leaves  or 
petioles  do  so  by  their  base. 

Is  it  the  same  with  ordinary  petioles,  and  nerves,  which 
are  only  the  divisions  of  petioles  ?  This  is  what  I  am. 
inclined  to  believe,  but  I  cannot  as  yet  affirm  it,  for 
want  of  conclusive  experiments. 

The  growth  in  breadth  is  essentially  owing  to  the 
elongation  of  the  lateral  fibres  in  all  plants  with  ramify- 
ing or  diverging  nerves,  and  to  the  development  of  the 
intermediate  parenchyma.  As  for  the  enlargement  of 
those  with  parallel  or  conveying  nerves,  it  is  generally 
slight,  and  only  appears  to  be  owing  to  the  development 
of  intermediate  cellular  tissue  ;  it  is  also  remarked  that 
the  breadth  of  leaves  is  much  less  subject  to  variations 
in  these  than  in  the  preceding. 

The  growth  of  leaves,  both  in  length  and  breadth, 
attains  its  limit  generally  very  rapidly ;  then  the  leaf 
performs  its  functions  for  some  time,  and  enjoys  the 
plenitude  of  its  existence ;  but  by  degrees,  from  its  ex- 
haling perfectly  pure,  and,  as  it  were,  distilled  water, 
and  retaining  in  its  tissue  earthy  matter  which  the  sap 
has  carried  there,  the  vessels  harden,  and  the  exhaling 
pores  are  obstructed :  this  term  arrives  generally  the 
more  rapidly  as  the  evaporation  is  more  active.  We  see 
the  leaves  of  herbaceous  plants,  or  of  trees  which  evapo- 
rate much,  fall  off"  before  the  end  of  the  year  which  has 
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seen  them  produced ;  whilst  those  of  succulent  plants,  or 
of  trees  of  a  hard  and  coriaceous  texture,  both  of  which, 
although  from  diiFerent  causes,  evaporate  but  little,  often 
remain  for  several  years.  It  may  be  said  in  general 
then,  that  the  duration  of  the  life  of  leaves  is  in  inverse 
ratio  to  the  activity  of  their  evaporation.  When  this 
period  arrives,  the  leaf  dries  up  by  degrees,  and  finally 
perishes ;  but  the  death  of  the  leaf  must  not  be  con- 
founded with  its  fall :  these  are  two  phenomena 
which,  although  frequently  connected,  are  entirely 
different.  All  leaves  die  at  a  certain  period,  but  some 
are  gradually  destroyed  by  external  causes,  without 
falling  off;  and  others  fall  off,  being  detached  from  the 
stem  at  their  base. 

At  the  time  when  the  death  and  fall  of  leaves  were 
confounded,  Mustel  thought  that  this  fall  was  caused  by 
the  state  of  fulness  which  leaves  acquired  at  the  end  of 
their  life ;  but  this  state,  which  may  be  considered  as  a 
cause  of  death,  is  not  of  itself  a  cause  of  their  fall. 

M.  Vrolyck  has  sought  to  establish,  that  when  the  leaf 
is  dead,  the  living  part  of  the  tree  tends  to  cast  it  off,  as 
the  living  parts  of  animals  throw  off  dead  parts,  as  is 
seen  in  the  phenomena  of  Gangrene  and  Necrosis  ;  but 
this  explanation,  ingenious  as  it  is,  goes  too  far,  since 
there  is  a  number  of  leaves  which  die  without  being 
detached  from  the  stem  which  bears  them. 

Senebier  began  to  distinguish  the  death  from  the  fall, 
and  attributed  the  latter  to  the  growth  of  the  bud  of 
the  following  year,  which  in  the  summer  is  developed  in 
the  axils  of  leaves.  I  do  not  deny  that  the  growth  of  this 
bud  may  facilitate  the  fall,  but  it  cannot  be  the  essential 
cause  of  it;  for — 1st.  There  are  leaves,  and  especially 
stipules,  which  have  no  buds  in  their  axil,  and  which 
fall  as  others.  2d.  There  are  leaflets  which  have  no 
buds,    and   which   become    detached   from  a   common 
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petiole,  when  particular  causes,  such  as  the  sting  of  an 
insect,  affect  them.  3d.  Lastly,  there  are  other  organs 
which  have  no  buds  at  their  base,  and  which  fall  off  in 
a  manner  so  analogous  to  leaves,  that  it  is  impossible  to 
believe  that  facts  so  similar  should  be  caused  by  causes 
entirely  different. 

Duhamel  came  near  the  cause  of  the  phenomenon 
when  he  compared  the  fall  of  leaves  to  the  disease  of  the 
Vine,  in  which  the  upper  joints  of  the  young  shoots  are 
disarticulated  when  they  are  affected  by  early  frosts,  or 
only,  perhaps,  by  cold  and  damp  seasons.  The  fall  of 
leaves  resembles  this  phenomenon  in  its  being  a  true  dis- 
articulation, but  it  differs  in  this,  being  a  constant  and 
regular  fact,  which  takes  place  at  the  same  period, 
whatever  the  external  circumstances  may  be. 

Vaucher  has,  in  fact,  established,  that  leaves  which  are 
continuous  with  the  stem  die  without  falling  off,  but 
that  all  those  which  are  articulated  with  it  necessarily 
drop  at  a  certain  period  of  their  existence.  The  leaflets 
of  compound  leaves,  being  articulated  in  the  same 
manner  with  a  common  petiole,  may,  therefore,  fall  off 
independently  of  the  leaf.  Thus  the  fall  of  leaves,  like 
that  of  fruits,  is  determined  beforehand,  and  is  a  neces- 
sary consequence  of  the  assistance  of  an  articulation. 

It  is  true  to  say  only  that  it  is  facilitated  by  different 
causes ;  such  are  the  growth  of  the  bud  in  the  axil  of 
the  petiole ;  the  cessation  or  diminution  of  vegetation, 
which  tends  to  dry  up  and  twist  the  petiole  ;  the  growth 
of  the  trunk,  which  tends  to  disunite  the  fibres  of  the  base 
of  the  leaf;  the  action  of  atmospheric  inclemencies,  such 
as  frost,  cold  moisture,  and  especially  hoar-frost,  which 
tend  to  diminish  vegetation ;  the  actions  of  mechanical 
agents,  such  as  the  wind,  hail,  or  rain,  which  tend  to 
shake  the  base  of  leaves.  All  these  different  causes 
explain  the  slight  anomalies  which  the  leaves  of  trees 
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present  at  the  period  of  their  fall ;  but  the  real  cause  of 
this  fall  is  always  the  existence  of  an  articulation. 

Leaves  are  in  general  called  Caducous,  when  they 
fall  off  at  the  end  of  the  first  year,  and  Persistent 
when  they  last  longer :  we  designate  in  particular  by  the 
name  of  Evergreen  trees,  those  which  have  persistent 
leaves.  But  it  must  be  remarked,  that  these  terms, 
deduced  from  appearance,  are  far  from  being  correct : 
leaves  destined  to  fall  off  ought  to  be  called  Falling 
leaves,  and  among  these  we  may  distinguish  : — 1st.  Those 
which  fall  off  the  first  year,  or  Annual  ones; — 2d. 
Those  which  fall  off  the  second  year,  after  the  develop- 
ment of  new  leaves,  or  Biennial  ones; — 3d.  There  are 
some  falling  leaves,  as  those  of  Firs,  which  remain  two, 
three,  or  a  greater  number  of  years,  but  which  ought 
not  to  be  confounded  with  persistent  leaves,  although 
both  constitute  the  permanent  foliage  of  evergreen  trees 
and  shrubs. 


Section  XII. 

Of  the  Functions  of  Leaves,  and  of  the  means  of  sup- 
plying their  place  in  Leafless  Plants. 

The  functions  of  leaves  are  objects  more  physiological 
than  anatomical,  and  which  we  ought  only  to  examine  in 
a  summary  manner. 

1st.  We  have  seen  that  all  the  structure  of  this  organ 
has  for  its  result  the  isolation  of  the  extremities  of  the 
sap-vessels,  leaving,  however,  cellular  tissue  between 
each  of  them.  The  open  extremities  of  the  vessels  or 
intercellular  passages,  or  the  stomata,  serve  in  general 


302         VEGETABLE  ORGANOGRAPHY. 

for  the  aqueous  evaporation  :  tliis  is  the  first  or  principal 
function  of  leaves.  This  aqueous  exhalation  is  the  more 
active,  the  greater  the  number  of  leaves,  the  larger  their 
surface,  and  the  more  stomata  they  have  in  a  given 
space. 

2d.  A  consequence  of  this  first  point,  which  may  be 
considered  a  second  use  of  leaves,  is  that  of  causing  the 
ascent  of  the  sap ;  for  the  quantity  of  water  drawn  up 
by  a  plant  under  given  circumstances,  is  in  general  per- 
ceptibly proportional  to  the  extent  of  leaves  which  the 
plant  bears ;  and  when  difierent  species  are  compared, 
to  the  total  number  of  stomata. 

.Sd.  There  are  circumstances  in  which  the  stomata, 
instead  of  exhaling  the  super-abundant  water,  appear  to 
absorb  that  which  is  externally  in  contact  with  them ;  it 
is  thus  that  withered  leaves  absorb  the  water  with  which 
they  are  sprinkled  ;  and  it  is  thus  also  that  Charles 
Bonnet  made  branches  to  live  by  placing  that  part  of 
their  leaves  which  was  provided  with  stomata,  upon  a 
watery  surface. 

4  th.  Leaves  exposed  to  the  action  of  light  in  an 
atmosphere  which  contains  a  small  quantity  of  carbonic 
acid  gas,  or  in  water  which  holds  in  solution  air  mixed 
with  carbonic  acid,  decompose  this  gas,  exhale  the 
oxygen,  and  appear  to  fix  the  carbon. 

5th.  When  they  are  exposed  to  the  air  during  the  night, 
they  absorb  a  certain  quantity  of  oxygen,  which  is  as  much 
as  seven  times  their  volume  for  trees  with  annual  leaves, 
but  which  is  gradually  less  for  herbs,  trees  with  persist- 
ent leaves,  marsh  and  succulent  plants.  It  is  probable 
that  this  absorption  of  oxygen,  discovered  by  Theodore  de 
Saussure,  contributes  to  facilitate  the  decomposition  of 
the  substances  contained  in  the  sap. 

6th.  It  results  from  the  difierent  facts  mentioned 
above,    that    the    principal    elaboration    of    the    sap    is 
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performed  in  the  leaves,  and  tliat  these  are  the  organs  in 
particular  which  form  the  Cambium,  or  the  juice  which 
nourishes  and  develops  the  wood  and  bark.  This  im- 
portant use  of  leaves  may  be  recognised  in  the  experi- 
ments when  the  leaves  of  a  branch  are  in  part  or  entirely 
removed,  when  we  see  its  growth  diminish  in  proportion 
throughout  all  the  part  below  that  where  the  leaves  were 
taken  off.  From  the  preceding  circumstances,  we  may 
conclude  how  idle  are  the  discussions  so  freuqently 
introduced  into  physiological  and  agricultural  works, 
to  know  if  the  leaves  nourish  the  plant  more  or 
less  than  the  roots ;  it  is  just  as  if  it  were  to  be 
asked  whether  a  man's  lungs  nourished  him  more  or  less 
than  his  stomach.  Nutrition  is  a  phenomenon  perfected 
and  performed  by  several  organs.  The  roots  contribute 
their  part,  and  the  leaves  theirs. 

7th.  Leaves,  in  presenting  to  the  winds  two  resisting 
surfaces,  more  or  less  considerable,  tend  to  produce  an 
almost  continual  agitation  in  the  branches  of  trees ;  and 
we  know,  from  some  beautiful  experiments  of  Mr. 
Knight,  that  the  motion  of  the  branches  facilitates  the 
progress  of  the  sap  and  the  growth  of  the  trunk ;  it  is, 
perhaps,  one  of  the  causes  which  makes  trees  with  large 
leaves  to  grow  more  rapidly. 

8th.  A  great  number  of  leaves  also  serve  for  the 
secretion  of  different  particular  juices,  according  to  the 
nature  of  the  glands  with  which  they  are  provided. 

9th.  Several  serve  for  the  particular  shelter  and  pro- 
tection either  of  the  flowers  or  fruit,  or  of  the  buds 
situated  in  their  axils. 

These  different  functions  are  so  important  that  the 
leaves  constitute  the  truly  active  portion  of  vegeta- 
tion ;  and  it  is  difficult  to  understand  how  it  is  possible 
for  plants  to  exist  devoid  of  these  essential  organs. 
This,  however,  happens  under  different  forms,  and  we 


304  VEGETABLE    ORGANOGRAPHY. 

shall  here  briefly  examine  the  means  -by  which  the  use 
of  leaves  is  supplied,  wholly  or  in  part,  when  they 
happen  to  be  wanting  either  naturally  or  accidentally. 

When  the  leaves  are  accidentally  wanting  at  the 
period  when  their  presence  is  necessary,  as,  for  example, 
if  for  any  particular  purpose  they  are  stripped  off"  a 
tree  when  it  is  in  a  growing  state,  as  is  done  to  the 
Mulberry ;  or  if  the  hail  destroy  all  of  them,  when 
the  tree  is  in  full  growth;  a  vital  phenomenon  ensues, 
which  partly  repairs  the  injury.  All  the  latent  buds  in 
the  axils,  which  would  not  have  been  developed  till  the 
following  year,  grow  very  rapidly,  and  form  new  leaves ; 
if,  by  any  particular  circumstance,  this  phenomenon 
does  not  take  place,  the  tree  usually  perishes. 

Plants  deprived  of  leaves  by  their  own  organization, 
deserve  to  be  examined  more  in  detail,  as  it  refers 
entirely  to  Organography.  It  may  be  said,  in  general, 
that  when  a  plant  is  naturally  devoid  of  leaves,  the  use 
of  these  organs  is  supplied  by  some  other  organ  of  the 
same  plant,  or  by  another  plant. 

The  absence  or  diminution  of  the  limb  is  supplied : — 

1st.  By  the  dilatation  of  the  petiole,  the  fibres  of  which 
spread  out  and  separate  sufficiently  to  permit  the  de- 
velopment of  cellular  tissue  and  the  opening  of  stomata ; 
this  is  observed  in  the  highest  degree  in  almost  all 
leaves  without  limbs. 

2d.  The  foliaceous  limb  is  also  suppKed  sometimes  by 
the  stipules,  which  are  the  more  developed  the  more 
completely  the  limb  is  devoid  of  leaflets,  as  is  seen  in 
Lathyrus  Aphaca. 

3d.  In  several  plants  in  which  the  leaves  are  either 
totally  wanting,  or  are  very  small,  or  fall  off"  very  early, 
the  surface  of  the  bark  of  the  young  branches,  which,  in 
the  ordinary  state,  is  a  parenchyma,  very  analogous  to 
that  of  leaves,  performs  entirely  the  function  of  those 
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organs;  its  cellular  envelope  is  more  developed  than 
usual,  and  the  number  of  stomata  is  greater;  this  is 
observed  in  the  young  branches  o^  Ephedra,  Stapelia, 
Ceropegia,  Cactus,  the  fleshy  species  of  JEtiphorbium, 
XylophyUa,  Casuarina,  Equisetum,  and  in  general  of  all 
plants  not  parasitical  and  devoid  of  leaves.  All  these 
branches,  physiologically  speaking,  enjoy  the  function 
of  leaves,  and  often  take  their  appearance  and  form. 
One  of  the  errors  which  must  be  guarded  against  in  the 
study  of  these  plants,  is,  that  the  name  of  leaves  has 
been  for  a  long  time  given  to  true  branches ;  thus,  the 
oval  discs  of  Opuntia  are  compressed  branches,  since 
they  bear  leaves,  and  after  some  years  become  true 
cylindrical  trunks  :  the  true  leaves  of  these  plants  are 
the  little  conical  or  oblong  bodies  w^hich  are  situated 
below  the  clusters  of  spiny  hairs,  and  which  fall  off  very 
early. 

4th.  There  exist  some  plants,  the  bark  of  vv'hich  is  not 
transformed  into  foliaceous  surfaces,  and  is  devoid  of 
true  leaves,  or  has  them  deduced  to  the  state  of  scales, 
deprived  of  stomata,  and  incapable  of  physiological 
action ;  but  most  of  these  plants,  and  perhaps  all  of 
them,  are  parasites;  that  is  to  say,  they  are  endowed 
with  the  faculty  of  implanting  themselves  upon  plants 
furnished  with  leaves,  and  of  appropriating  the  sap 
elaborated  by  them. 

Thus  some,  such  as  Cuscuta,  attach  themselves  to  the 
branches  of  other  plants,  from  which  they  absorb 
nourishment  by  means  of  their  suckers  :  Cassytha  ap- 
pears to  live  in  the  same  manner. 

Others,  such  as  Orobanche,  grow  upon  the  roots  of 
other  plants,  from  which  they  draw  an  important  part 
of  their  nourishment :  they  are  attached  to  the  roots  by 
only  some  of  their  radicules,  a  great  number  of  others 
being  free.     These  latter  appear  to  extract  from  the  soil 

VOL.  I,  X 


306  VEGETABLE    ORGANOGRAPHY. 

a  certain  quantity  of  sap ;  but  it  appears,  however,  that, 
at  least  in  the  young  state  of  the  plant,  it  is  absolutely 
necessary  that  the  Orohanche  should  be  attached  to  a 
plant  provided  with  leaves.  It  is  most  probable  that 
Lathrcea,  Monotropa  Orchis  ahoriiva,  and  Limodorum 
epipogium,  are  nourished  in  an  analogous  manner  ;  but 
the  nutrition  of  these  singular  plants  has  been  but  Kttle 
studied,  and  it  is  desirable  that  their  history  should  be 
followed  in  detail  and  with  accuracy  by  some  botanist 
accustomed  to  physiological  observations. 


CHAPTER  IV. 

OF    THE    NUTRITIVE    ORGANS    OF    CELLULAR    PLANTS. 


Section  I. 
General  Considerations. 

After  having  described  the  numberless  variations, 
but  which  are  subject  to  general  rules,  which  the  nu- 
tritive organs  of  vascular  plants  present,  it  is  necessary 
to  speak  of  the  organs  which  correspond  to  them  in 
cellular  plants.  Here  we  shall  find  as  much  similarity 
in  the  inner  parts  as  we  have  remarked  differences  in 
vascular  plants,  and  the  external  forms  are  here  in  pro- 
portion more  varied  than  in  the  large  plants. 

Cellular  plants  have  not,  as  we  have  already  m.entioned, 
either  vessels,  properly  so  called,  or  storaata:  the  former 
appear  to  be  replaced,  as  regards  their  office,  and  often 
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their  appearance,  by  bundles  of  elongated  cellules  ;  and 
the  latter  probably  are  so  by  imperceptible  pores.  The 
entire  mass  of  these  plants  seems  composed  of  one  and 
the  same  substance,  which  takes  different  forms,  and 
performs  various  functions,  without  being  able  to  be 
divided  into  distinct  organs.  It  is  in  this  point  of  view 
that  several  authors  have  thought  that  we  cannot  apply 
to  cellular  plants  the  same  names  which  are  used  for  the 
organs  of  vascular  ones ;  thus,  for  example,  Wildenow 
designated  by  the  name  of  Cormus  every  part  of  these 
plants  which  is  above  ground ;  but  this  term  does  not 
appear  to  me  to  be  correct,  since  certain  cellular  plants, 
as  the  Truffle,  live  entirely  under  ground,  and  have  no 
organ  exactly  resembling  that  which  would  bear  the 
name  of  Cormus  in  the  Lycoperdons.  Persoon,  Acharius, 
and  Lamouroux,  less  perceived  the  homogeneity  of  the 
nutritive  parts  of  these  plants,  when  they  designated  by 
a  common  and  single  name  every  part  which  did  not 
serve  for  the  reproduction  ;  Persooa  named  it  Peridium 
in  the  Fungi,  Acharius  Thallus  in  Lichens,  and  Lamou- 
roux Fro7is  in  the  Algse.  The  first  of  these  terms  makes 
too  much  allusion  to  the  character  of  an  envelope,  which 
this  organ  frequently  performs;  the  last  signifies  too 
clearly  that  it  is  foliaceous,  which  is  not  always  the  case, 
I  am  incKned,  then,  to  admit  generically  the  name  of 
Thallus  to  designate  the  mass  of  nutritive  organs  of 
cellular  plants ;  or  at  least  of  all  the  Algae,  Fungi, 
Lichens,  and  those  Hepaticag  in  which  distinct  organs 
cannot  be  distinguished. 

Most  naturalists,  neglecting  on  the  contrary  this  fun- 
damental idea  of  the  homogeneous  nature  of  the  parts 
of  cellular  plants,  have  perpetually  described  them  as 
composed  of  parts  analogous  to  those  of  vascular  ones ; 
but  the  vagueness  of  these  descriptions  is  manifested  in 
each  sentence,  and  all  those  terms  ought  to  be  taken 
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rather  for  simple  metaphors  than  expressions  of  the 
reality  :  thus,  when  the  body  of  a  cellular  plant  is 
almost  cylindrical  and  erect,  the  name  of  stem  has  been 
given  to  it,  and  its  ramifications  have  borne  that  of 
branches ;  when  this  same  body  is  flat  and  membraneous 
it  has  been  named  a  leaf.  This  desire  to  refer  the  forms 
of  cellular  plants  to  the  terms  used  for  vascular  ones 
has  caused  much  confusion  in  the  writings  of  Crypto- 
gamic  botanists.  In  order  that  the  degree  of  homo- 
geneity of  structure,  and  the  difference  in  the  general 
forms  which  are  presented  in  cellular  plants,  may  be 
perceived  at  once,  I  shall  rapidly  give  a  description  of 
the  nutritive  organs  in  each  family  of  this  class.  This 
course  appears  to  me  the  only  one  which  can  be  followed 
in  the  actual  state  of  the  science ;  for  we  are  so  ill  ac- 
quainted v/ith  each  of  these  families,  that  it  seems  to  me 
impossible  to  make  any  general  remarks,  worthy  of 
confidence,  upon  the  whole  of  the  class. 


Section  II. 

Of  Mosses. 

The  Mosses  are  those,  of  all  cellular  plants,  which 
have  the  greatest  affinity  to  vascular  ones,  and  they  also 
differ  but  very  little,  as  to  their  appearance,  from  the 
Lycopodiums,  with  which  they  have  sometimes  been 
confounded.  The  great  difference  which  separates  them, 
with  regard  to  the  organs  of  vegetation,  is  purely  nega- 
tive; it  is  that  the  trachege,  the  different  orders  of 
vessels,  and  the  stomata,  are  absent  in  Mosses  ;  the  ex- 
istence of  tracheae  and  other  vessels  is  not  admitted  by 
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any  observer,  but  some  have  thought  that  they  have 
perceived  stomata  in  the  capsule  of  Splaclmum.  I  have, 
I  confess,  some  doubt  upoii  this  observation,  which  I 
have  not  been  able  to  verify ;  but  at  least,  it  remains 
certain  that  stomata  are  absent  from  all  the  nutritive 
organs  of  Mosses.  The  stem,  nerves,  and  the  parts  in 
general,  which  in  other  plants  present  vessels  only,  here 
offer  bundles  of  elongated  cellules,  which  replace  the 
vessels  in  appearance,  and  probably  also  in  use.  The 
stem  of  Mosses  is  generally  cylindrical ;  and  when  it 
appears  compressed,  as  in  Hypnum  Schreheri,  or  tetra- 
gonal, as  in  Bryum  tetragonum,  it  is  owing  to  the  dispo- 
sition of  the  leaves.  The  stems  are  sometimes  very 
long,  as  in  Polytricha  and  Hypnum;  sometimes  very 
short,  as  in  several  kinds  of  Weissia;  sometimes  so 
short  that  they  almost  escape  notice,  and  are  only  repre- 
sented by  a  kind  of  little  bulb,  from  which  spring  the 
floral  organs,  as,  for  example,  in  several  species  of 
Phascum,  Buxhaumia,  &c.  These  differences  of  size 
are  analogous  to  what  we  have  above  remarked,  (Chap.  I. 
Sect.  I.)  on  comparmg  the  stems  of  Draccena,  for  ex- 
ample, with  the  bulbs  of  Liliaceae. 

The  stem  of  Mosses  is  sometimes  frequently  simple, 
as  in  JVebera  pyriformis,  and  then  the  plant  is  almost 
always  annual.  When  it  is  branched,  either  by  pro- 
ducing young  shoots  at  its  base,  or  emitting  lateral  or 
terminal  branches,  each  of  these  shoots  denotes  generally 
the  growth  of  a  year,  and  it  is  in  this  sense  that  Hedwig 
has  given  them  the  name  of  Innovationes.  But  the 
peculiar  mode  of  growth  of  Mosses  and  of  their  ramifi- 
cations has  been  but  little  studied.  It  appears  that  the 
elongation  of  the  stem  or  branch  of  a  year  is  caused  by 
an  extension  which  takes  place  principally  at  the  upper 
part,  and  which  stops  at  a  fixed  period  in  each  species, 
nearly  as  in  the  branches  of  Dicotyledons :   there  must 
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be  the  formation  of  a  new  shoot  for  the  'stem  to  elongate 
again.  We  can  easily  perceive  these  different  shoots  in 
the  old  stems  of  Polytricha.  As  to  the  growth  in 
diameter,  it  appears  to  me  to  take  place  only  at  the  first 
period  of  development :  these  stems  perceptibly  retain 
the  same  diameter  throughout  their  whole  length,  and 
almost  at  all  ages. 

The  roots  of  Mosses  are  generally  fine  filaments,  of 
a  brown  colour,  more  or  less  branched,  which  spring 
either  from  the  base  of  the  stem,  as  in  Phascum,  and 
which  are  called  Primary  Roots,  because  they  are 
developed  at  the  origin  of  the  plant ;  or  along  the  stem, 
and  then  they  are  named  Secondary  Roots,  because 
they  are  developed  after  the  first,  during  the  whole  life 
of  the  plant :  they  have  been  seen  to  issue  from  the 
leaves.  They  are  especially  frequent  in  most  Mosses 
which  live  in  turfy  ground  ;  it  is  not  rare  to  find  in  the 
Mosses  of  these  localities,  which  are  perennial,  all  the 
lower  part  of  the  stem  abundantly  covered  with  a  brown 
tissue,  formed  of  an  innumerable  multitude  of  roots. 
But  no  one,  to  my  knowledge,  has  yet  carefully  studied 
either  the  structure  or  mode  of  absorption  of  these 
organs.  Mosses  which  live  on  rocks  seem  entirely  de- 
void of  them,  and,  as  they  can  draw  nothing  from  the 
rock  itself,  it  is  likely  that  their  first  radicules  are  intro- 
duced into  the  imperceptible  fissures,  and  thus  serve  to 
fix  the  young  plant,  but  that,  afterwards,  it  is  nourished 
by  the  absorption  of  its  leaves  rather  than  by  that  of  its 
roots.  This  mode  of  absorption,  which  is  found  in  all 
Mosses,  combined  with  the  dry  and  half-dead  appear- 
ance which  their  roots  very  quickly  acquire,  causes  me 
to  think  that  these  organs  do  not  influence  the  absorp- 
tion, except  in  their  infancy,  and  afterwards  remain 
around  the  stems  of  those  growing  in  turfy  places,  as  if 
to  serve  for  their  protection  against  wet. 
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The  leaves  arise  along  the  stem,  sometimes  joined 
together  at  their  base,  sometimes  collected  into  rosettes, 
or  terminal  buds,  at  others,  alternate  or  spiral,  along  the 
stems,  shoots,  and  branches :  they  are  almost  always 
sessile  and  sheathing  at  the  base.  They  have  the  form  of 
little  scales,  oval  or  elongated,  rarely  obtuse,  but  almost 
always  pointed  or  acuminate,  sometimes  prolonged  into 
a  long  ciha,  or,  as  it  were,  rolled  into  a  cirrhiform  point. 
Bryum  macrocarpum  presents  this  singular  appearance, 
the  leaf  being  entire  and  prolonged  into  a  branching 
ciha.  Their  colour  is  of  a  beautiful  green,  but  some- 
times they  are  naturally  scaly,  or  transparent  at  the 
apex;  some  are  devoid  of  all  nerves,  and  formed  entirely 
of  homogeneous,  nearly  round,  cellular  tissue ;  others 
present  near  the  middle  a  nerve  of  variable  length, 
which  sometimes  reaches  the  apex,  sometimes  stops  in 
the  middle,  and  sometimes  is  only  visible  at  the  base. 
These  differences  are  observed  in  species  elsewhere  very 
similar,  and  demonstrate  the  slight  anatomical  import- 
ance of  these  nerves ;  they  are,  in  fact,  only  formed  of 
elongated  cellules,  which,  by  uniting  together,  resemble 
the  nerves  of  vascular  leaves. 

All  the  leaves  "of  Mosses  are  continuous  with  the 
stem,  and  never  fall  off  of  themselves;  they  remain  a 
long  time  dried  at  the  base  of  the  stems  of  those  in  dry 
situations,  but  in  those  of  damp  places  they  are  de- 
stroyed by  maceration,  and  then,  if  they  have  no  nerve, 
or  only  a  very  weak  one,  the  stem  becomes  naked  ;  if, 
on  the  contrary,  the  nerve  is  strong,  it  remains  under 
the  form  of  a  hair,  or  small  spine,  after  the  maceration 
of  the  surrounding  parenchyma;  this  is  observed  in 
Fonti7iaUs,  and  the  aquatic  species  of  Hijpnum,  8cc. 

The  ordinary  leaves  of  Mosses  have  the  margin  some- 
times entire,  at  others  serrated ;  sometimes  these  teeth 
are  so  fine  and  numerous  that  the  leaf  appears  cihated ; 
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but  110  full-grown  leaf  is  ever  divided;  This  structm-e 
is  only  met  with  in  the  primordial  or  radical  ones  of 
a  small  number  of  Mosses,  such  as  Phascum  cohcerens  ; 
these  leaves  are  irregularly  divided  into  slender  processes, 
composed  of  cellules  placed  end  to  end,  the  partitions  of 
which  are  visible  with  a  lens. 

The  absorption  of  water  is  performed  by  Mosses  with 
singular  facility,  and  when  one  which  has  been  dried 
for  a  long  time  is  plunged  in,  it  regains  the  freshness 
and  appearance  of  life.  Some  have  even  asserted  that, 
like  the  Rotiferse,  dry  and  dead  plants  may  be  restored 
to  life  by  being  placed  in  water ;  but  this  important  fact 
does  not  appear  to  have  been  sufficiently  demonstrated. 
When  only  half  of  a  dried  Moss  is  dipped  into  water, 
the  submerged  part  acquires  the  appearance  of  life,  and 
the  other  continues  dry ;  this  fact,  of  which  we  shall 
find  numerous  examples  in  the  following  families,  tends 
to  show  that  the  effects  of  absorption  in  cellular  plants 
are  much  more  local  than  in  %'ascular  ones.  Finally, 
there  is  no  doubt  that,  in  the  ordinary  state  of  their 
vegetation,  they  absorb  much  water  by  their  foliaceous 
surface  ;  it  is  probable  that  this  is  their  principal  means 
of  nutrition  ;  that  their  life  is  preserved  for  a  long  time 
in  a  state  of  torpor,  and  can  be  reanimated  by  rain  or 
immersion :  this  frequently  happens  to  perennial  ones, 
which  only  grow  well  in  a  moist  season,  and  appear 
dried  up  in  summer.  Whence  comes  this  faculty?  it 
is  the  subject  of  doubt  above  mentioned. 

Leaves,  which  perform,  as  we  have  seen,  so  important 
a  function  in  these  plants,  are  hardly  ever  absent.  Bux- 
haumia  aphylla  alone  appears  entirely  devoid  of  them, 
and  its  vegetation  is  a  peculiar  mystery,  at  least  in  its 
infancy. 

I  have  already  described  the  ordinary  structure  of  the 
leaves  of  Mosses ;    but  there  happens  in  some  species  of 
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this  family  an  important  deviation  from  their  usual 
state  ;  they  are  sometimes  disposed  in  two  rows,  and 
instead  of  embracing  the  stem  at  their  base,  they  are 
prolonged  by  one  of  their  sides  upon  it.  This  is  seen  in 
several  species  of  Fissidens,  to  which,  from  this  appear- 
ance, the  names  of  pennatum,  adianthoides,  Sec,  are 
given.  These  seem,  in  fact,  the  leaflets  or  segments  of 
a  pinnate  leaf,  disposed  on  both  sides  of  a  common 
petiole,  and  one  would  be  inclined  to  believe  this,  if  the 
extremity  of  the  stem  were  not  often  prolonged  into  a 
branch  or  flower.  The  iUusion  goes  sometimes  even 
farther,  for  there  happen  cases  when  the  neigbouring 
leaves  are  partly  united  together  by  their  sides,  and 
then-,  if  the  stem  do  not  flower,  it  seems  a  pinnatifid 
leaf.  We  may  form  an  idea  of  this  phenomenon  by 
examining  Gymnostomum  pennatum,  and  almost  all  the 
species  of  Fissidens.  We  will  revert  to  its  importance 
on  speaking  of  the  Hepaticae. 

The  leaves  of  Mosses  are  also  sometimes  capable  of 
joining  together ;  they  then  present  two  points  at  their 
apex,  and  if  they  are  furnished  with  nerves,  they  have 
two  throughout  their  length.  This  is  accidentally  ob- 
served in  Gymnostomum  truncatum  ;  it  is  possible  that 
it  may  be  an  analogous  phenomenon  which  causes,  in 
some  species,  a  double  or  bifid  nerve,  as  in  Neckera 
Hypyio'ides ,  Sec. 

Let  us  observe,  lastly,  in  order  to  complete  what 
relates  to  the  structure  of  the  nutritive  organs  of  Mosses, 
that  their  leaves  differ  from  those  of  all  vascular  plants 
in  their  cellules,  being  disposed  upon  the  same  plane, 
so  that  two  distinct  layers  cannot  be  distinguished,  and 
they  cannot  be  separated  into  two  parts.  This  character 
is  still  more  decided  in  those  HepaticcB  which  have 
leaves,  and  it  tends  to  prove,  as  I  have  indicated  in  the 
first  Section  of  this  Chapter,  that  what  is  called  a  leaf 
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in  these  plants  differs  much  from  ordinary  ones,  and 
that  those  organs  are  only  expansions  of  the  stem,  and 
entirely  of  the  same  nature. 


Section  III. 
Of  the  HepaticcB. 

The  structure  of  the  Hepaticse  is  very  similar  to  that 
of  Mosses,  as  regards  the  organs  of  nutrition ;  but  it  pre- 
sents some  peculiarities  which  deserve  to  be  mentioned 
here  with  more  care,  since  they  tend  to  make  us  under- 
stand the  general  organization  of  cellular  plants.  Let 
us  first  commence  with  those  Hepatic^  which  most 
resemble  Mosses,  in  order  to  arrive  at  those  which 
approach  the  Lichens;  for  this  family,  although  very 
natural  and  not  numerous,  is  a  true  group  of  transition. 

The  Jungermannias,  or  at  least  the  greatest  number 
of  this  genus,  present  such  analogies  to  the  Mosses,  that 
old  botanists  joined  them  together.  They  present,  in 
the  same  manner,  a  cylindrical  stem,  simple  or  branched ; 
roots,  primary  and  secondary  ones,  sometimes  springing 
from  the  leaves,  and  most  frequently  along  the  stem  ; 
and,  lastly,  sessile  leaves,  sheathing  at  the  base,  per- 
sistent, scattered  or  distichous  along  the  stem :  all 
these  organs  are,  as  in  Mosses,  composed  of  cellular 
tissue,  without  any  appearance  either  of  stomata,  tracheee, 
or  vessels.  But  the  differences  which  may  be  observed 
between  the  Jungermanniee  and  true  Mosses  are  —  1st. 
That  the  leaves  of  the  former  are  constantly  devoid  of 
nerves,  and  entirely  composed  of  round  cellular  tissue. 
2d.  That  they  are  more  seldom  entire,  often  dentated, 
and  differently  divided  or  cut,  especially  at  their  apex, 
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SO  as  to  present  more  varied  forms ;  sometimes  they  are 
all  divided  into  minute  filaments,  fonned  of  cellules  in 
a  simple  row,  and  very  much  resembling  the  primordial 
leaves  of  Phascum.  3d.  At  the  base  of  the  true  leaves 
of  the  Jungermanniae  are  often  found  foliaceous  appen- 
dages, sometimes  joined  by  the  side  to  the  leaf,  some- 
times distinct  from  it.  These  appendages,  which  are 
absent  in  Mosses  and  several  Hepaticae,  have  been 
named  Stipules,  from  a  vague  analogy  to  the  stipules  of 
Dicotyledons  ;  they  only  differ  from  true  leaves  in  their 
being  smaller,  and  often  disposed  in  a  slightly  different 
manner ;    they  are,  properly  speaking,  accessory  leaves. 

If  now  we  examine  those  Jungermannias  which  are 
nearest  allied  to  Mosses,  we  shall  find  some  which, 
analogous  to  Fissidens,  have  the  leaves  disposed  in  two 
rows,  scarcely,  if  at  all,  sheathing,  and  prolonged  by  the 
side  upon  the  stem ;  such  are  Jungermannia  sphcero- 
carpa  and  /.  capitata ;  and  then  the  stem,  when  it  does 
not  bear  flowers,  resembles  a  petiole  furnished  with  seg- 
ments. Let  us  go  farther  on,  and  we  shall  find  species 
where  these  leaves  are  united  together  upon  the  two 
sides  of  the  stem,  so  as  to  form  there  a  kind  of  foliaceous 
limb,  sometimes  dentated  or  interrupted  when  the  leaves 
are  incompletely  united,  and  sometimes  continuous  when 
they  are  so  completely. 

When  this  phenomenon  takes  place  in  plants  provided 
with  stipules,  these  are  found  in  their  usual  place,  and 
form  kinds  of  foliaceous  scales  along  the  stem,  or,  to 
speak  according  to  appearances,  along  the  middle  of  the 
leaf,  form.ed  by  the  union  of  the  true  leaves  with  the 
stem :  we  see  this  iwJuiigermanniaLyellii.  In  these  difie- 
rent  cases  the  stem  is  visible,  and  represented  by  the 
middle  of  the  foliaceous  organ,  which  forms  the  whole  of 
the  plant :  sometimes  it  happens  that  it  is  scarcely 
distinct  from  the  rest  of  the  tissue,  and  then  the  plant 
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presents  the  appearance  of  a  foliaceous  'expansion,  lying 
on  the  ground,  and  shooting  out  roots  or  cramps  ;  thus, 
following  the  forms  of  Jungermannia  epiphylla,  afterwards 
of  /.  pinguis,  we  arrive  by  almost  imperceptible  trans- 
itions to  Anthoceros,  Marchantia,  and  Riccia,  in  which 
we  perceive  nothing  more  than  a  foliaceous  disc,  repre- 
senting at  the  same  time  the  stem  and  leaves,  emitting 
from  one  side  roots  and  from  the  other  the  organs  of 
reproduction ;  it  is  this  foliaceous  organ,  which  is  neither 
stem  nor  leaves,  or  at  the  same  time  both  one  and  the 
other,  which  has  been  named  the  Frons. 

Thus,  the  history  of  the  Hepaticae  tends  to  show,  that 
if  for  reasons  of  convenience  and  apparent  analogy, 
there  have  been  described  in  these  plants  stems  and  leaves, 
these  organs  are  far  from  being  distinct,  as  in  vascular 
plants,  and  that  the  mass  of  cellular  ones,  in  appearance 
the  most  compound,  presents  also  a  great  homogeneity. 


Section  IV. 

Of  Lichens. 

The  Lichens  are  still  more  remarkable  than  the 
Hepaticae,  by  the  union  of  these  two  circumstances,  in 
appearance  contradictory — the  prodigious  variety  of  form 
in  different  species,  and  the  homogeneity  of  the  tissue 
of  each.  Among  Lichens,  some  present  plane  expan- 
sions, green,  of  a  foliaceous  appearance,  and  very  analo- 
gous to  the  structure  of  Riccia  and  Anthoceros:  as 
Loharia,  &;c.  Others  have  their  whole  substance 
gelatinous,  and  thus  approach  the  Algae  and  Tremeilae. 
There  are  others,  and  a  great  number,  which  have  the 
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form  of  cylindrical  stems,  more  or  less  branched,  some- 
times even  being  furnished  with  small  flat  expansions,  of 
a  foliaceous  appearance.  Lastly,  all  these  different 
forms  are,  in  several  species,  reduced  to  dimensions  so 
small  that  the  whole  of  the  plant  (with  the  exception  of 
the  organs  of  fructification)  is  only  formed  of  a  crust, 
composed  either  of  foliaceous  scales,  as  in  Squammaria 
and  Patellaria,  or  of  small  stems  very  close  together,  as 
in  Isidium,  or  of  a  granulated  or  pulverulent  matter, 
which  may  be  considered  as  a  mass  of  indistinct  scales, 
or  imperceptible  trunks,  as  takes  place  in  Lepra  and 
Coniocarpon.  In  the  midst  of  all  these  variations,  the 
internal  substance  only  presents  a  mass  of  cellular  tissue, 
with  round  or  elongated  cellules,  usually  very  small,  and 
close  to  one  another.  The  most  remarkable  physiological 
character  of  this  tissue  is,  that  when  it  is  torn,  the  in- 
ternal substance  becomes  green  on  exposure  to  the  air 
or  light.  This  phenomenon  is  especially  very  remarkable 
in  the  species  which  adhere  to  rocks. 

In  general,  the  tissue  of  Lichens  is  formed  of  elon- 
gated cellules  in  the  parts  which  resemble  stems  or 
branches,  and  of  round  ones  in  those  which  are  like 
foliaceous  expansions. 

The  surface  presents  remarkable  differences :  some- 
times it  is  entirely  smooth,  at  others  it  is  provided  with 
hairs  or  ciliae  of  various  kinds ;  at  times  it  is  prolonged 
into  cramps,  or  roots,  which  serve  to  fix  the  plant,  and 
perhaps  to  absorb  nutriment.  It  is  especially  in  the 
genus  Psora,  that  these  appendages  appear  to  be  true 
roots  implanted  into  the  soil,  and  serve  at  the  same  time 
to  fix  and  nourish  the  plant.  In  most  of  the  species 
which  grow  upon  rocks,  or  trees,  there  are  neither 
cramps  nor  roots,  and  the  plant  is  fastened  on  the  surface 
which  bears  it,  by  means  of  a  little  disc  at  its  base ;  this 
adheres  to  rocks  in  a  very  intimate  manner,  and  seems 
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as  if  it  were  an  incrustation.  I  think  tbat  an  exudation 
of  tlie  base  of  the  Lichen  dissolves  a  little  of  the  stone, 
and  so  combines  v^ith  it  as  to  cause  this  kind  of  union  : 
it  is  also  in  the  same  manner,  I  presume,  that  certain 
Lichens  sink  into  calcareous  stones,  as  they  advance  in 
age,  as,  for  example,  Verrucaria  rupestris,  &c. 

The  Thalli  of  Lichens  are  sometimes  alike  throughout 
their  whole  surface.  This  happens  when  they  are  upright, 
and  equally  exposed  on  all  sides  to  the  air  and  light ;  they 
then  have  most  particularly  the  appearanceof  a  cylindrical 
stem,  as  in  XJsnea,  Cladonia,  Sec,  or  compressed,  as  in 
Physcia^  and  certain  species  of  Rocella.  At  other  times 
the  two  surfaces  are  dissimilar.  This  happens  in  those 
that  are  in  the  form  of  leaves  or  scales,  and  in  a  hori- 
zontal situation ;  the  upper  surface,  being  exposed  to  the 
action  of  the  air  and  light,  is  firmer,  harder,  and  more 
coloured,  and  acts,  thus  to  speak,  the  part  of  bark ;  the 
lower  is  softer,  more  tender,  and  paler,  and  most  fre- 
quently bears  hairs  or  cramps  :  it  is  by  this  surface  also 
that  the  absorption  of  water  most  usually  takes  place. 
This  fluid  penetrates  the  whole  of  the  Thallus,  when  a 
part  of  it  is  plunged  in,  and  in  many  cases  its  trace  may 
be  followed  by  means  of  the  absorption  of  coloured 
liquids. 

One  of  the  circumstances,  which,  according  to 
M.  Fries,  appears  most  powerfully  to  modify  the  vege- 
tation of  Lichens,  is,  that  it  is  very  frequently  interrupted 
by  atmospheric  changes,  being  suspended  during  drought, 
and  regaining  its  activity  during  damp  seasons. 

It  results  from  these  frequent  interruptions,  that  their 
life  may  be  much  prolonged,  and  one  frequently  finds  in 
the  same  plant  parts  which  appear  dead,  and  others 
which  continue  to  vegetate.  When  the  vegetation  is 
renewed  under  circumstances  very  different  from  those 
in  which  the  life  of  the  individual  commenced,  it  may 
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become  developed  in  amanner  very  different  from  what  it 
was  at  first,  and  this  explains  the  existence  of  those  speci- 
mens, so  different  in  various  parts  of  the  Thallus,  which 
have  been  produced  at  different  periods  of  vegetation. 
These  examples  tend  to  prove  that  some  Lichens,  which 
might  be  thought  to  be  of  a  different  species,  or  even 
genus,  are,  in  reality,  only  different  states  of  the  same 
species. 

These  interruptions  of  the  life  of  Lichens,  is  con- 
nected with  their  longevity,  which  appears  much  greater 
than  would  be  expected  in  plants  so  insignificant ;  thus, 
Vaucher  observed  after  forty-five  years  the  same  indi- 
dual  of  Loharia  pulmonaria  attached  to  the  same  place 
on  the  same  tree. 

The  colour  of  individual  plants  frequently  varies, 
according  to  the  degree  of  atmospheric  moisture ;  it 
usually  becomes  green  when  the  tissue  is  very  wet,  and 
coloured  white,  green,  black,  yellow,  or  orange-red, 
when  it  is  dry.  1  have  remarked,  that  all  those  Lichens 
which  are  green,  or  are  capable  of  becoming  so  under 
water,  disengage  oxygen  gas  when  exposed  to  the  solar 
rays ;  whilst  this  phenomenon  does  not  take  place  in  the 
species  which  are  not  green,  nor  capable  of  becoming  so 
under  water. 


Section  V. 

Of  Fungi. 

Fungi,  considered  in  that  point  of  view  in  which  we 
are  here  occupied,  only  present  cellules,  sometimes 
round,  at  others  elongated  under  the  form  of  hollow 
filaments,  which  seem  to  be  fibres ;  sometimes  very  close 
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together,  so  as  to  form  a  compact  body ;-  at  others,  more 
or  less  separated,  almost  always  disposed  in  a  mass, 
without  any  apparent  order.  These  singular  plants 
never  present  either  stomata,  or  vessels  of  any  kind ; 
their  entire  substance  is  composed  only  of  a  homogene- 
ous mass,  in  which  it  is  impossible  to  distinguish  the 
parts  of  the  higher  orders  of  plants.  But  some,  who  have 
wished  to  adopt  this  kind  of  comparison,  making 
allusion  to  their  colour  and  general  appearance,  have 
compared  Fungi  to  the  roots  of  plants  ;  others,  struck 
with  the  caulescent  form  of  some,  have  given  them  the 
name  of  stems ;  whilst  some,  from  the  appearance  of 
the  species  of  Uredo,  have  compared  them  with  the 
pollen  of  phanerogamous  plants;  and  others,  perplexed  by 
the  form  of  Erineum,  have  likened  them  to  the  hairs  of 
ordinary  plants. 

The  texture  of  Fungi  is  very  variable;  either  soft,  or 
very  hard ;  fleshy,  gelatinous,  or  coriaceous ;  but  never 
presenting  the  usual  dry  state  of  the  Lichens,  nor  the 
herbaceous  softness  of  the  Algae.  Their  colour  also 
varies  much,  and  sometimes  even  presents  very  vivid 
tints ;  but  it  is  never  green ;  or,  at  least,  if  any  greenish 
tints  are  perceived,  they  appear  to  result  from  an  entirely 
different  principle  than  the  ordinary  greenness  of  leaves. 
No  Fungus  lives  in  water ;  *  almost  all  grow  exposed  to 
the  air ;  some  under  ground,  or  buried  in  other  living 
plants  ;  although  some  grow  in  darkness,  light  appears 
necessary  for  their  complete  development. 

The  part  of  the  Fungus  which  does  not  serve  for  the 
reproduction  (and  which  is  called  either  the  Thallus,  as 
in  Lichens,  or  the  Cormus,  Peridium,  or  Stroma) 
appears  to  be  less  developed  when  the  fructiferous  organs 
are  more  so ;  thus  in   Uredo  and  Puccinia,  the  whole 

Peziza  aquatica  appear  to  grow  in  the  air,  and  to  be  covered  over  by 
the  water  during  its  growth. 
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plant  appears  to  be  reduced  to  the  fructiferous  organs  ; 
in  Agaricus,  Boletus,  Sec.  the  reproductive  part  only 
occupies  a  fixed  portion  of  the  plant,  and  the  part  which 
serves  for  the  nutrition  is  much  more  visible.  The  ab- 
sorption takes  place  at  a  certain  point  which  serves  for 
the  base  :  this  base  sometimes  produces  radical  fibrils, 
either  buried  in  the  earth,  or  spreading  out  on  the 
surface ;  at  other  times  it  is  simply  fixed  to  the  earth 
or  rotten  wood,  adhering  by  imperceptible  hairs,  or  by 
intimate  juxta-position.  In  several  species  of  rapid 
growth  we  can  cause  coloured  water  to  penetrate  the 
plant,  and  there  we  can  see  that  it  passes  on  from  the 
base,  and  follows  the  elongated  cellules,  or  intercellular 
passages. 

When  first  developed.  Fungi  proceed  from  a  kind  of 
closed  membranous  integument  which  envelopes  them, 
and  is  called  the  Veil.  They  are  always  round,  what- 
ever form  they  may  afterwards  take.  Tiieir  mode  of 
development  has  not  yet  been  careftiUy  studied;  in 
several,  such  as  Agaricus,  the  upper  part,  which  is  named 
the  Hat,  appears  to  be  developed  before  the  lower, 
which  has  been  compared  to  a  stem,  or  peduncle ;  the 
reverse  seems  to  take  place  in  Clavaria,  which  appears 
to  grow  from  the  base  upwards.  Several  Fungi,  with 
horizontal  expansions,  surround  in  their  development 
inert  bodies  which  they  meet  with  ;  the  growing  mass  is 
arrested  in  its  development  by  the  slightest  obstacle,  and 
reunites  beyond  it  with  the  greatest  facility,  since  its 
homogeneity  is  complete  :  we  also  frequently  see  these 
plants  united  together. 

The  softer  parts  of  Fungi  are  very  liable  to  form 
gaps  or  spaces  by  the  rupture  of  the  cellules,  as  in 
vascular  plants  ;  thus  it  is  that  several  kinds  of  Agaricus 
and  Boletus  have  the  pedicel  full  in  their  infancy,  and 
hollow  at  an  advanced  age. 

VOL.  I.  Y 
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The  external  part  is  frequently  distinct  from  the  rest 
of  the  tissue,  and  can  be  separated  like  a  skin  or  bark 
with  little  or  no  tearing ;  it  frequently  bears  true  hairs 
or  scales  produced  by  the  fragments  of  pelKcles  partly 
detached. 

As  to  the  general  forms  of  Fungi,  the  little  that  I  can 
say  is  so  intimately  connected  with  the  reproductive 
organs,  that  I  must  refer  the  reader  to  the  following 
Book. 


Section  VI. 
Of  the  Algce. 

Of  all  the  families  of  the  class  Cellulares,  there  is 
none  where  the  general  character  can  be  more  easily 
comprehended  than  these  ;  the  usual  transparency  of 
their  tissue  renders  their  observation  very  easy,  and  their 
constantly  living  in  water  allows  them  to  be  observed 
under  the  microscope  in  their  natural  state. 

The  Alga9  are  expansions,  sometimes  filiform,  at  others 
foliaceous ;  sometimes  a  mixture  of  these  two  states,  but 
of  an  absolutely  homogeneous  nature :  their  surface 
never  presents  stomata,  and  as  it  exhales  oxygen  by  the 
action  of  light  in  the  same  manner  as  other  plants,  we 
must  conclude  that  these  organs  do  not  serve  for  that 
purpose.  The  tissue  of  the  Algae  is  entirely  formed  of 
closed  cellules,  sometimes  round,  constituting  the  foli- 
aceous limbs, — at  others  more  or  less  elongated,  forming 
the  appearance  of  stems,  roots,  or  nerves.  Several  of 
them  present,  in  the  interior  of  their  tissue,  spaces  or 
air  cavities ;  these  are  very  visible  in  Chara. 
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The  homogeneity  of  their  nature  has  been  remarked 
by  all  who  have  studied  them,  and  the  names  of  Frons 
and  Thallus  have  been  given  to  the  mass  of  which  they 
are  composed :  it  is  only  by  abbreviation  that  sometimes, 
in  the  descriptions  of  Fuci,  stems,  leaves,  or  roots,  are 
spoken  of,  to  designate  portions  of  the  thallus  which 
have  these  different  appearances. 

Proofs  of  this  homogeneity  are  often  found  on  observ- 
ing their  manner  of  living :  all  parts  of  the  thallus  of 
Algffi  appear  almost  equally  endowed  with  nutritive 
faculties ;  they  all  absorb  the  water  which  is  in  con- 
tact with  them,  exhale  oxygen,  but  appear  to  live  in  an 
almost  independent  manner,  and  only  transmit  the  juices 
to  the  rest  of  the  tissue  with  difficulty,  or  perhaps  not 
at  all.  Thus,  when  a  Fucus  or  Ulva  is  found  only  half 
sunk  in  water,  the  submerged  part  is  fresh,  but  the  other 
withers  and  dries  up, — a  remarkable  phenomenon,  wliich 
may  result  either  from  the  plant  not  transmitting  juices 
from  one  part  to  the  other,  or  from  the  evaporation  being 
too  active  in  the  portion  exposed  to  the  air  for  the  others 
to  supply  it. 

The  thallus  presents  very  distinct  degrees  of  texture, 
which  have  served  Lamouroux  and  Fries  as  the  basis 
of  their  classification ;  some,  as  the  Fucaceae,  are 
coriaceous,  and  of  an  olive  colour ;  others,  as  the 
Floridess,  are  cartilaginous,  and  more  or  less  rose- 
coloured.  There  are  some  entirely  membranous,  as 
the  Ulvaceae  ;  and  gelatinous  or  semi-gelatinous,  as  the 
Batrachospermese. 

The  Algae  are  almost  all  of  them,*  at  least  in  their 
infancy,  fixed  upon  the  solid  parts  which  form  the 
bottom   and    edges    of    waters.     Sometimes    they    are 


*  According  to  Vaucher,  Zygnema  and  Hydrodyction  are  free  in  their 
infancy. 
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attached,  as  Fucus  vesiculosus,  by  a  small  part  of  the 
base  which  adheres  to  solid  bodies,  but  we  know  not  by 
what  kind  of  mechanism  this  takes  place.  Sometimes 
they  lay  hold  of  projecting  and  angular  parts  by  kinds  of 
root-like  cramps,  as  Fucus  saccharinus  :  this  organization 
especially  takes  place  in  the  large  species,  which  are 
liable  to  be  detached  by  the  shock  of  the  waves  of  the 
sea  ;  but  these  cramps  do  not  perform,  as  to  the  absorp- 
tion of  juices,  any  function  which  is  not  common  to 
the  whole  of  the  tissue. 

The  foliaceous  parts  are  often  traversed  by  nerves 
resembling  in  appearance  those  of  ordinary  leaves,  being 
frequently  pinnate  as  they  are,  but  they  are  only  com- 
posed of  elongated  cellular  tissue.  They  are  commonly 
also  entirely  devoid  of  nerves,  as  in  Ulva.  There  are 
some  which  seem  to  be  only  composed  of  isolated 
cellules  full  of  juice  ;  such  is,  in  particular,  Protococcus 
nivalis,  or  that  singular  production,  of  a  red  colour, 
which  grows  on  the  snow  at  the  Pole,  and  on  the 
Alps. 

They  are  frequently  composed,  like  most  plants  of 
their  class,  of  a  great  number  of  cellules,  wliich  form  a 
thick  tissue.  We  can  even  distinguish  in  the  Florideae 
and  several  Fucacese  a  kind  of  bark,  formed  of  round 
cellular  tissue,  distinct  from  the  centre,  which  is  of  a  tissue 
either  elongated,  or  more  compact,  and  having  the  ap- 
pearance of  a  woody  body.  Sometimes  the  cellules  are 
all  disposed  in  a  single  series,  whence  results  sometimes 
a  foliaceous  lamina,  very  thin,  and  truly  membraniform, 
as  that  of  the  Ulvae ;  sometimes  very  slender  filaments, 
all  formed  of  cellules  placed  end  to  end,  as  in  certain 
Confervse. 

The  Confervse  have  often  been  spoken  of  in  botanical 
works  as  formed  of  articulated  filaments  ;  it  is  necessary 
to  remark  here  that  this  name  is  not  correct,  and  it  ought 
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to  be  replaced  by  that  of  divided  filaments.  There  is 
not,  in  fact,  in  these  plants,  any  solution  of  continuity, 
but  they  present  kinds  of  transverse  partitions,  produced 
by  different  causes;  thus — 1st,  if  the  filament  be  formed  of 
a  simple  series  of  cellules,  perhaps  enclosed  in  a  mem- 
branous sheath,  the  partitions  which  divide  them  are 
visible  to  the  eye  on  account  of  the  transparency  of 
the  tissue,  forming  what  are  falsely  called  articulations. 
2d.  It  happens  in  some  species  that  several  cellules  of 
the  same  length  are  placed  side  by  side,  and  the  union 
of  their  ends,  seen  collectively,  produces  the  same  ap- 
pearances. 3d.  I  have  also  seen  pretended  articulated 
filaments  which  were  composed  of  cellules,  alternately 
very  long  and  very  short;  the  latter,  when  slightly 
magnified,  resembled  partitions.  It  would  be  easy  to 
multiply  these  examples,  but  they  are  sufficient  to 
show  that  these  filaments  are  not  really  articulated, 
and  that  their  appearances  are  owing  to  very  different 
causes. 

The  genus  Hydrodyction  is  very  remarkable  in  its 
anatomical  structure ;  it  presents  a  purse-like  sac,  com- 
posed of  pentagonal  meshes  :  at  a  certain  age,  the  five 
little  filaments,  which  by  their  union  form  a  mesh, 
disunite,  and  each  of  them  becomes  a  sac  similar  to 
that  of  which  it  formed  a  part,  and  is  composed  in  the 
same  manner,  of  pentagonal  meshes.  This  example 
tends  to  confirm  the  opinion  of  those  who  think  that  the 
cellular  tissue  is  developed  by  the  swelling  of  the 
granules  contained  in  its  interior. 

The  Algae  evidently  appear  to  be  the  vegetable 
family  the  structure  of  which  approaches  nearest  to 
that  of  animals.  Several  genera  have  forms  so  singular 
that  they  can  only  be  classed  in  one  or  the  other  king- 
dom for  physiological  reasons,  and  not  on  account  of 
their  organographical  characters.    Thus,  the  Oscillatorias 
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and  Zygnemas  hardly  differ  in  their  form  and  manner 
of  living :  the  former,  which  present  traces  of  a  move- 
ment probably  spontaneous,  are  placed  in  the  animal 
kingdom ;  wliilst  the  latter,  in  which  no  movements  are 
observed,  are  considered  to  be  vegetables. 

Among  these  doubtful  genera,  we  must  mention 
Nostos,  Diatoma,  and  in  general  all  the  Diatomeas  of 
Fries,  which  are  usually  classed  among  vegetables; 
and  the  Sponges,  which  are  referred  to  animals :  in 
these  and  several  other  analogous  examples,  the  limits 
of  the  two  kingdoms  are  very  difficult  to  be  esta- 
bhshed. 


END    OF    VOL.    I. 
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